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PART I A-21 ENGINEERING TEST SPACECRAFT

1.0 GENERAL

1.1 Scope: This specification, ia conjunction with the Surveyor
Spacecraft System Design Specification (JPL No. 30240) and the Surveyor
Scientific Instrument Interface Specifications, serves to define c.apletely
the system functional requirements on the Surveyor apacecraft system including
the spacecraft ground equipment, trajectory, prelaunch, launch, and inJjection
requirements. This specification bas both the purpose and the authority to
define system and subsystem functional performance requirements which, in turn,
are to be considered as requirements in the writing of equipment (contrul item)
specifications. Whercas the Design Specification and the Interface Specifi-
cations (see paragraphs 2.3.8 through 2.3.1k4) are contractual documents, this
specification is an internal working document. If there is any conflict
between this document and the above contractual documents, the most stringent
requirements shall apply. All changes,cther than deletions,made subsequent
to Revisicn D are indicated dy flags in the left margin of this document.

1.2 General Notes

1l.2.1 Tolerances: Throughout this specification, tolerances
are coded as indicated below. The code designation appears as a superscript
following the applicable tolerance. :

1) 99 percent confidence level (3g, RSS of two
orthogonal Gaussian variates)

B e L e B

z) 99.8 percent confidence level (3¢, single
Gaussian variate)

onk ot cxvmote Tinr

3) 86 percent confidence level (2¢, R88 of two
orthogonal Gaussian variates)

4) 95 percent confidence level (2¢, single Gaussian
variate)

5) LO percent confidence level (ls, ARS8 of two
orthogonal Gaussian variates)

6) 68 percent confidence lével (Lg, single Gaussian
variate)

Any tolerance or requirement not eo coded shall be assumed as & maximum 1imit
never to de exceeded.




The tolerunces specified perein do not include allowances for instrumentation
errors, teat data reducti-n errors, and estimation errors due to data sample
sizes, Hence these tclerances will not in general be directly applicable for
use in test requirements.

1.2.¢ * Information Only: Those items marked with an asterisk(*)
indicate numters and data given for information only and not controlled by this
document. All other inf~rmation and data not so marked are considered
requirements.

1.2.3 Environment: The performance of the equipment speci:ied
in this document shall apply in the envircnment described in HAC Specification
224800. To the extent *ha* equipmen* test conditions doc not simulate this
environment, the performance {clerances allowed herein must be altered to
reflect the conditions ot test, when deriving test performance tolerances.

l.2.4 Soverage: In conformance with the current rev:sion of
the Surveyor System Deslign Sg:cificntiqn, JPL 30R4CR, this specificatian
is applicable only to the Engineering Test 8pacecraft (A-21).

1.3 Definitions: The f~llowing definiticns are used throughout this

specification. .
1.3.1 Antenna Axis: Line through the electrical center of the
rf beam.
1.3.2 Boresight Axis: The electrical null, peak gitn, or rf

veam center-line axis of an optical instrument or antenna, defined by aard-
ware markings or optical fixtures.

1.3.3 Mile: Unless otherwise stated, this unit shall be under-
stood as the statute mile (5280 feet).

1.3.4 Miss Vector: The perpendicular distance at the moon
between an approach asymptcte that would pass through the center of a massless
moon and the actual approach asymptote for a massless moon.

1.3.5 Nozzle Centerline: A line passing through the centroids
of the nozzle throat and exit areas.

1.3.6 Renscnne Time: Time until response amplitude to a step
function input has reache percent of the correct value.
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1.3.7 Retro Action Time: Thé time interval between the condi-
tion where the retro thrust has risen -0 830 pounds (chamber prezsire of 65
psia) on the buildup until the trrust has dropped to 330 pounds (chamber
pressure of 55 paia) or ‘ne tail-cff curve.

1.3.9 Reiro igrition Time: The time interval from the retro
igniion signal and the time ‘rat the retrd thrust level has risen to 5400
pounds {(chamber pressure of ;00 paia).

1,3.10 Reirc Interval: The *ime interval between the retro
ignition sigral and the separetiom of ‘Le retro from “he spacecraft (approxi-
mately twelve seconds after '“e end of tre retro operate interval). :

1.3.11 Re'ro Iner: Weight: Weight of the complete retro engine -
assembly less weigh® of rerro propellant.

1.3.12 Retro Cperate Interval: The time interval rrom the
fgnition signal to the retro 'eil-off conditian at which the'retro thrust has
decayed to 3500 pounds, '

1.3.13 Retro Thruat-Time Profile: Reitro thrust ss a function
of time over the retro interval.

1,3.14 Retro Userul Specitic Impulse: Useful total impulse
divided by the propellant. burned during the retro interval.

1.3.15 Retro Useful Zotel Impulse: The integral of thrust as
& function of time over the retro interval,

1.3.16 Sersor Group Coordinate System: An orthogonal co-
ordinate system whose axes are do?inod by optical tooling targets on the
flight control sensor group support structure. When attached to the S/C,

the sensor group roll, nitch, and yav axes are aligned to the S/C roll,
pitch,and yaw axes, respectively,

1.3.17 Spacecraft Coordimate Syswum: The spacecraft coordinate
system is an orthogonal, right-hemd Certesian ogordinate system. The three
axes, Xg/~, Yg/c, &and Zg,~ (pitch, yav and roll, respectively) are defined in
paragra; 1.3.19, 1.3.20, and 1.3.21. The XY-plane is defined as the plane
containing three points which are formsd by the intersection of the ceanter-
lines of the cylindricel optical tooling holss in the eslumn dase fittings with
the corresponding column base surfacee (points 1, 2, 3 with respect to space-
croft legs 1, 2, 3°) The origin of the coordinate system is a point in the
XY-plane which is established by the intersection of the altituvies of the tri-
angls formed by points 1, 2, and 3. Right hend rotatien sway from the origin
is defined as positive rotation.

- . .. - e - war 2 . i —
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1.3.18

Spacecraft Landed Weight:
fititude Marking Radar, the n Hetro ne, &

Nitrogen gas, and Helium gas.

Weight of 8/C .dnus the
Vernier Engine fuel

s e oo Wl Cabriies
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1.3.19 Spacecraft Roll (+2) Axis: The Z axis is defined es
8 line which is perpemdIculur ‘o the XT-p.ane and which seas through the
origin defined in 1.3.17. The positive Zg,; direction i@ in the directicu of
the main retro exhaust.

1.3.20 Space~raft Yaw (+Y) Axis: The Y axis is defined as .o
a8 line containing the origin and Intersection 1. The positive direction is
from the origin toward leg No., 1.

13.21 Spacecraft Pitch (+X) Axis: The Xg/- axis is defined as
a line in the XY-pleane perpendicular tc the Yg ¢ axis, passing through the origin
of the coordinate system with the positive dir‘ction such as to form a right-

handed coordinate system wiih tre Yg/~ end ZS/C axis.

. 1.2.22 Thrus® Vector: The resultant thrust in magnitude ana
direction produced by the engine.

1.3.2% Vis-Viva Energy (C3): Twice the total emergy per unit
mass given by the equa¥lon

~

. 26M
"3"2‘1"

where

R = magnitude of position vector from the ;
esrth's center to the 8/C at time of
{njection, km

V = magnitude of the inertial speed at
injection, km/sec

3
M « 3.986032 x 10° 225
sec
2
C3 is commonly expressed in
sec

1.3.24 Launch Azimuth (971): The angle, measured at the leunch’

site, from the true north direction to the trasjectory plane.
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1.4 Abbreviations:

attreviations are used in this specification:

AFETR - Air Force fastern Test Range

7DC
DSIF
o8¢
ETS

g

HAC
JPL
OCR
RSS

s/C

C ‘ SFOF

STEA

- Commard and Data Hendling Console

- Deep Space Instr.mentation Facility

The following apecial or somewhat non-standard

- Deep Space Station (i.,e., one of “he DSIF stations)

- Engineering Teat Spacecraft

- Gravitaticnal acceleration at the surface of the earth (32.17L
ft;sec?) as defined by the U. 8. National Bureau of Standards

- Hughes Aircrafit Company

- Jet Propulsion Laboratory

= Optimum Charge Regulator

- Root Sum Squares

- Spacecraft

- Space Flight Operations Facility
- Scientific Mission Spacecraft

- System Test Equipment Assembly
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2,0 APPLICABLE DOCUMENTS

The following documents are applicable to this specification to the
extent indicated herein,

2.1 JPL/RASA Documer:s
2.1.1 JFL 30240 Surveyor System Pesign Specificatien

2.1.2 JPL PD-1 Surveyor/Spacecraft/launch Vehicle Interface
Requirementis

2.2 i-uutﬂ Documents: None
2.3 HAC Documents
2,3.1 Drawing 238608; Rocket Rogine, Main Retro,

) 2.3.2 Specification 224600; Detail Specifisation, Speceeraft
Reliability, System, Equipment Group and Subaseesblies,

2,3.3 Specification 224601; Melisbility Assurance Pregras
for Developmental and Limited Production Equipmment,

2.3.b Specification 224602; Neliadbility Assurence Progrea,
Surveyor 3cientific PFaylosd,

2.3.5 Specification 239505; Masing and Polarity,
2.3.6 Specification 22L800; Invirosmental Conditiens.

2.3.7 Surveyor Spacecraft Momthly Nrfernsned ASSCSEmSAt
Report, HAC SSD numder changes at each issue,

2.3.9 Specificaticon 239303; Alphe Scattering Experiment,
Surveyor Scientific Instrumentc/Fpacecraft Interface Specifications.

2.3.10 Specification 239308; Survey Television, Surveyor
Scientific Instruments/Spacecraft Interface Specifications.
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2. 4 Hughes Enrgineering Orders

o

The following Enginecring Orders (EO's) written against
Revision F are reflectod in tins specification:

5149 .
5149 4
51492

51447

S148b

316,84

51580

22202

22211

30215

32210

32217

*2218

32219

51877
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3... MODE REQUIREMENTS

3.1 Pre-launch

eivl aggustments:  Certain adjustments must ve made on the
spacecraft prior <o launca wihich are a furction of launch coaditions (lunar
declination, orbital phase, landing location, etc.). Such adjustments should
ve held to a minimum. In nc evernt should such an adjusiment have to be remade
during an 8 consecutive day launch period.

(VS

Reauired esdjustments are specified for eech spacecraft
in the corresponding document of the series Numbered 224562 through 224567,
inclusive; Launch Parameter Specificetiors for SC-2 hrough 7, respectively.

-

3.1.2 ife on Pad: The auxiliary battery stand time from
zrtivetion to reginning of pad life shall not exceed 9 days. Pad life com-
mences upon installaticr of S/C on Centaur and its enclosure by the shroud.
fter or-~e reing instalied on ‘he Centaur and erclosed Ly the shroud, the
spacecraft shzll not require any additional handling for 10 consecutive daya
(inzluding 8 possirle laun:h days).

3.1.3 Measurements and Datu Transmission: Just prior to
launch, the following space:rait paramdters shall be measured and sent to the
SFOF at JPL for use by the first DSS in z:zquiring the spacecraft:

3.1.3.1 Transmitter frequency of both transmitters in both
rarrow-band VCXO and transponder modes.

3.1.3.2 Transmitter high power output of both transmitters.

2.1.3.3  Receiver frequency of each receiver. ////f

3.1.3.4  Temperature of the operating transmitter.

3.1.3.5 The accuracy of the frequency measurements shall he £100
cps and the accuracy of the temperature determination shall be $10°F.




N
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-+ excee¢ ..e capability specified in

3.1.4

Trermal Capability on Pad: For safety considerations,

the spacecraft shall be capable of remaining on stand, under shroud, and with-
out air conditioning for a period of § hours, sssuming no electrical power is
dissipated on ihe S/C,

3.2 Lauanch 20 Injec.tiorn

This mode is .nder g.idance control of the launch vehicle, It
inc] des tne powered ascent and shroud ejection for direct ascent trajectories
and powered ascent, shroud ejec'ion, parking orbit coast, and finel Centaur
ignition tor parking orbit irajec.ories.

. 3.2.1

In ec .ion Accurac,: The ir ection errors snall not )
...c and 3.6,3 {f the performance speci

fi{23 rerein is <0 be ac:ieved,

3.2,2

Nominal Injection Conditions: The actual injeciion

conditions will be difterent for each launch day and will be given in the

standard trajectories,

*

3.2.2.1

3.2.2.2

For direct ascen. in_ections:

Aluitude : S0 N.Mi. (167 Km) to 150 n.mi, (278 Xm)

Velocity : 35,650 ft/sec (10,870 m/sec) to
36,090 ft/sec (11,000 m/sec)

Elevation Angle (measured from the perpendicular
to the earth radius vector) : from <4,0° to 7.5°

Azimuth Angle (meagured from powered flight
trajectory plane) : 0°

Earth Position : along the line shown in Pigure 3.1
For parking orbit injections:
Altitude : 90 n.mi (167 Ka)

Velocity : 35,940 ft/sec (10,930 n/sec) to
36,090 ft/sec (11,000 m/see)

Elevation Angle : 2.2°

e i -
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Azimuth Angle (measured from coast
orbit plane) : C°

Eartrn Position : within the boundary
showr. ir Figure 3-1 .

3.2.3 Shroud Ejection: The shroud or nose fairing protecting
the 5, during passage through the earth's atmosphere shall be ejectel prior
0 injectiorn into the lunar orbit,but not until after the value ofpV3 {s

eas nnan 1.4 x 10 ib‘sec?,where p is the free sgtream denaity (1b/ft3) and

v 1s the vehicle airspeed ("t 'sec), This will nominal.y occur at a time from
.aunci. o 200 seconds*, when the altitude is approximately 360,000 ft,

120 Km'  and the velocity reiative to the atmosphere is approximately
+,700 ft/sec (2,9¢C meters/sec).*

3.2.4 Meximum Aerodynamic I~ating Parameter Profile

3.2,L.1 Direct Ascent Trajectories

The integrated value of the aerodynamic heating para-
meter sh:ll not exceed the integrated value on the trajectory shown in
Figure 3-2, which is 16,600 1b.min y On any direct escent trajectory, the

. sec
meximum instantaneous value of the aerodynamic heating parameter shall not
exceed 5020 lb at any time greater than one minute after shroud ejection.

sec

Additionally, the inastantaneous value of the aerodynamic heating parameter may
not exceed 500 1b _ at any time during the period from one minute until five
, sec
minutes after shroud ejection, unless the total trajectory integrated value
of PV3 s less than 16,600 lb-min/sec3. For trajectories where the inte-
grated pV3 is less than 16,600 lv-min , the length of the period Aduring
sec
vhich the limit of 500 1b__ on pV3 1s imposed shall at lesst be in the same
sec
ratio to four minutes as the ratio of the actual integrated pV3 is %0 16,600,
For example, if an actual trajectory results in an integrated value of )
10,000 # lb-min , then the limic of 500 1lb may be exceeded beginning at the

time of 1“ ‘ b reu
.* .
o % X‘ = 3,k unuu! _Afur :hrqud gJoctiqg.
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{’ 3.2.4,2 Perking Orbit Trejectories: During the period beginning
one minute after shroud ejection and ending at the time of Centsur main engine
second star§ (MES2), the instanteneous value of the eerodynamic heating para-
metar. pV’ , may not exceed 1825 1b/ o3+ Throughout the period from MES2
until the end of significant aerodynamig heating effects, the integrated value
of the sercdynamic heating parameter may not exceed 7200 lb-min end the

sec

instantaneous value msy not exceed 3700 1t
secC

3.2.5% Nominel Time from Lift-off to Injection:*
Direct escent : 11,4 minutes

Parking ordit : 13.3 to 36.L minutes

3.2.6 Telemetry and Date Transmission:

3.2.6.1* The S/C transmitter frequency shall be monitored as fer
downrange as possible within limitations of the STEA installed at the launch
location; end the frequency-time history shall be transmitted to the SFOF as

. soon es possible, but with a time lag no greater than 5 minutes (desired).
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( 3.2.6.,2* During this mode (launch to injection), the Centaur
telemetry channels tiiat are being used by the 8/C will de carrying one commu-
tator mode of FCM data as well as shock and vibration data, The shock and
vibration data is desired at the SFOF during launch but will be used primarily
for poat-flight performance evaluation,

3.2,6,3 The S/C transmitter shall be on in its low power mode
and shall bs modulated with certain S/C engineering data with a carrier mod-
ulation index not to exceed 0.k rad,

3.2.7 Angular Bates: !?g maximum angular rates throughout
this phase shall be less thar 5 deg/aec L), except for speclfic attitude
maneuvers wherein rates up to 12 deg/sec may exist for periods up to one
second,

( _ 3.3 Separation and DSIF Acquisition

ARV G P

3.3.1 Pre-separation: At Centaur burnout, ssveral space-
craft operations are initlated by command sigrals from the Centaur.
A Y

3.3.1.1 Pre-separation 8/C Operations

3.3.1.1.1 Extension of landing gear

san

TRROTY- NN

3.3.1,1.,2 Extension o1 venidirectional antennas
3.3.1,1.3 Transmitter high power on

3.3.1.1,4 N gas jet vaive fmplifiers enable (initisted by
the separation signal).
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3.3.1,2 In addition, the telemetering channel in tia Centaur
vhich is to be utilized for spacecraft POM data shall be instrumented to
, provide the following information which shall be sent to the SFCOF to be
relayed to the DSIF stations:

Omnidirectional antenna sxtend verification signal
Leg extend verification signal
Transmitter power

3.3.1.3 Trroughout the above $/C pre-separatiomp cperation. the
angular rates shall be less than 3 deg/sec and the angular acceleration shall
be less than 1 deg/sec?,

3.3.2 Separation: The actual separation rhall be verified by
a signal in the Centesur vEIcE can be sent fram AFETR to the SFOF,

3.3.2,1 Angular rates at separation: ‘he Centaur vehicle, plus
- all Centaur/spacecraft separatich mechanisms, shall not impart & rotational
( velocity greater than 3,0 dog/uc(l to the spacecraft at ssparation, .
3.3.2.2 Uncertainty in separation velocity imparted to spacecraft
shall be included in injection errors. See 3.2.1.

oA P, CTRCIRR SR

3.3.2.3 The actual separation shall be instrumented via the
Centaur telemetry in such s manrer that the relative separstion rates (doth
angular and recti} ‘.nzns) can be determined in post-flight svaluation to within
an accuracy of * 10%6(2), '

3.3.2.4 Longitudinal separstion velocity: The Centeur vehicle
‘ and separation mechaniaz s no part a relative velocity et separation
to the spacecrart of less than O,k ft/sec.

3.3.2,5 Separation Shock: The upcf”im shall not impart an
acceleration to the spacecralt of more then 2 g'sle),
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3.3.3 Post-separaticn: The flight contrcl system is in the
ii rate stabilization mode, cperating with the cold gas- jets. Separation angular
rates should be reduced and maintained near zero.

3.3.3.1 Attitude accuracy: Not critical

3.3.3.2 Autcratic soler panel degl%xment: Automatic solar panel

depioyment shall be initiated when the spececraft separstes from the Centaur.
Automatic operatioms shall include: (1) unlocking the solar panel and roll
axis so that they are free toc move from their launch positions; (2) stepping
of the solar panel axis &5 degrees so that the solar panel is positioned
perpendicular tc the spacecraft Z axis; and (3) stepping the roll axis 60

. degrees counterclockwise after deplo.ment is complete so that the roll axis is
in its proper transit positicn. The complete deployment sequence shall nomin-
ally require nc mcre than ¢ minutes and 40 seconds for completicn.

Automatic sun acquisition shall bé 1n1tiated by the
spacecraft at 51 & 1 seconds after sepsration.

3.3.3.3 Spacecraft lar rates: The flight control system

shall be capable cf reducing spacecr angular rates to approximately 0.1
deg/sec within 50 seconds after separation.

3.3.3.4 Centaur - Spacecraft separation distance: The post
separation Centaur maneuvers shall be such that the minimum separation dis-
tance at S hours after injection shall be greater than 336 Km.

g T areyOW s F by

3.3.4 DSIF Acquiisition: Acquisition of the spacecraft bty the
DSIF takes piace as follows:

’ 3.3.4,1 The DSS antenna is pointed in the expected direction
of the spacecraft. '

3:3.4.2 The DSS receiver is tuned to the nominal frequency plus
doppler shift of the spacecraft transmitter signal.

3.3.4.3 When a signal is received, the DS8 receiver locke on in
phase, and the DSS antenna is switched to angle track.

*3.3.4.4 The DSS transmitter is then turned on and sleved in
frequency. When the received frequency passes through the opsrating range )
of the spacecraft receiver phase lock loop, it locks on and the spacecraft '
receiver and transmitter track the D88 transmitter frequency. The accomplishe -
ment of phase lock can be noted by & sudden shift in frequensy of the space-
craft transmitter. This may ceause the D8S receiver to lose the signal frowm
the spacscraft. If so, the D8S receiver must be relocked.
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i: 3.3.4.5 The DSS transmitter is now tuned to the center of the
operating range of the spacecraft transponder phase locked loop by nulling
the static phase error.

3.3.5 Information Flow Necessary for Acquiciticn:

3.3.9.1 Tracking data from AFETR downrange stations and Centaur
determined injection parsmeters shall be sent to JPL for use in trajectory
determination. '

3.3.5.2 In addition, the following spacecraft performance dates
obtained from AFETR prelaunch measurements and/or Centaur telemetry shall be
TWX'd to JPL:

3.3.5.2.1 Transmitter frequencies for narrov-band VCXO and
transponder modes

3.3.5.2.2 Transmitter power output.
3.3.5.2.3 Transmitter tempersture.
(’ 3.3.5.2.4 Receiver frequencies,
3.3.5.2.5 Leg extension confirmation.
3.3.5.2.6 Omni-antenra extension confirmation.

3.3.5.2.7 Separation confirmétion.

3.3.5.3 The following data shall then be sent from JPL to the / f
appropriate DSIF station: ' ’ ‘

-

3.3.5.3.1 D85 antenna pointing 4data in terms of either hour angle,
declination angle and timeor azimuth angle, elevation angle.and time.

3.3.5.3.2 Doppler shift versus time.

3.3.5.3.3 8/C tranemitter frequencies.
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{v 3.3.5.3.4 8/C receiver fre,uencies,
. 3.3.5.3.5 S/C transmitter power.

3.3.5.3.6 Confirmation of omni-antenna extension, leg extension
and separation (if available in time).

3.3.6 Timing:

3.3.6.1 Time regu.red for all pre-separation spacecraft opers-
tions: 1less than 22 seconds,

3.3.6.2 Time between ‘njection and first possible DSIF
acquisition: varies between C and approximately 20 minutes for parking orbit
injections and between .0 and 14 minutes for direct ascent injections.

. 3.3.6.3 Time required for first DSIF acquisition: less than
5 minutes.

~—~

3.3.7 Post Acquisition Sequence

The post acquisition sequence shall be constrained so
that the tota. continuous unmonitored "on time"” for the high power tranas-
mitter shall not exceed 60 minutes.

3.4 Attitude Reference Acquisition

As 8 part of the sutomatic sun acquisition sequence, the
vehicle shall be :’-unded t0 acquire S track and control ¢ voﬁich attitude

td the sun in tvo axes (pitch and yav). During a subsequent star saquisition
- ‘procedure, the spacecraft is commanded to acquire, treck,and control the

vehicle attitude to a star (Canopus) in the third axis (roll). Sun lockeon
is required to permit continucus battery charging via the solar panel throughe
out transit. Sun end star lock-on are required to provide a known and
acourate vehicle attitude prior to midcourse and terminal descent meneuvers,
and to maintain a fixed vehicle attitude relative to the sua for thermsl

. control Jurposes, :
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{ 3.4.1 San_Acquisition:
‘ 3.4.1.1  Seguence

3.4.1.1.1 Fifty-one (51) seconds after separation, sun acquisition
is initiated by a command from the flight control programmer,which causes a
vehicle roll maneuver of-0.5 deg/sec* and continues until the sun comes into
the field-of -viev of the secondary sun sensor which is affixed approximately
on the spacecraft roll-pitch plane. v

3.4,1.1.2 When this occurs, the roll command is removed and a yaw
command is initiated to bring the primary sun sensor line of sight toward
the sun.

3.4.1.1.3 When the sun falls into the fieli-of-view of the
primery sun sensor, a lock-on signal is generated. This signal switches
vehicle attitude control to the primary sun sensor and also serves to indicate
(via telemetry) the completion of sun acquisition.

3.4.1.c  Loss of lock: Once sun lock has been
established, loss of this sun lock-on signal shall automatically switch the
attitude control back to an inertial attitude hold mode.

3.4.1.3  Attitude control qccurpgy: As specified in 4.3.1.1
3.b.1.4  TIimipg

3.4.1.4.1 Maximum time to acquire sun: 18 minutes.

¢ The star acquisition mode
is command initiated after completion of the sun acquisition end at least
2 hours prior to the midcourse correction.

: 3.b.2.1  gZeguence

" 3.4.2.1.1 The star acquisition command starts a vehicle positive
¢ ' roll (c&ockvilo looking at the S/C from the direction of the sun) of 0.5
deg/sec® until a star of the correct brightness falls into the seasor
field-of -viev.
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3.4.2.1.2 When this occurs, a lock-on signal is generated which
stops the 0.5 deg/sec roll rate and switches the vehicle roll control to the

star sensor errcr signal. .

3.4.2.2 Loss of lock: Once star lock has been estab-
lished, loss of this lock-on signal shall automatically switch the vehicle roll
control to an inertial attitude hold mode.

3.4.2.3 Canopus verification: To verify that the correct star
nas been acquired, the S/C is commanded to roll up to 720° in one continuous
roll. During this roll, the unthresholded star intensity signal, as well as
the normal thresholded signal, 1s monitored. From these signals, a star mep
is made and Canopus identified. The capability for performing at least 4 of
these verifications shall be prorided. This verification shall be performed
before the normal star acquisition mode is initiated.

3.4,2.L  Attitude control accuracy: As specified in 4.3.1.2.

3/4.2.5 Acquisition time: 38 minutes maximum (assuming a
normal verification and excluding the time for studying the star map on the

ground).

3.5 (Coast Mode I

This mode commences on completion of the sun/star acquisition
and terminates just prior to the midcourse correction. During this mode,
the 8/C coasts with its attitude servoed to the sun and star with the low
power transmitter on in the transponder mode to permit continuous two-way
doppler tracking and to provide continuous low bit rate telemetry. Periodic
sumplings of certain engineering data (not to exceed 10 during the transit
portion of the mission) shall be made, some of which will require switching
on the high pover transmitter at those times.

3.5.1 Attitude Accuracy: While in the coast mode the allow-
able error is 22°. One-half hour prior to the midcourse maneuver, howvever,
the attitude requirements are as specified in L.3.1.1 and 4.3.1.8 of this
document.
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3.5.¢ Doppler Tracking: Throughout this mode, the S/C
{ angular position and range rate is being measured by one of the DSIF stations.
The runge rate is a two-way doppler measurement requiring a phase locked
transponder in the §/C. It is required that this be accomplished on the
omni-antenna with the low power transmitter,

3.5.2.1 rati : This two-way doppler link must Operate
over ranges from 9C n.mi. (167 Km; to 219,500 n.mi (406,700 Km) (including
Coast Mode II) and relative velocities between plus and minus 10 KM/sec
(32,800 ft/sec).

3.6 Midcourse Correction

This mode involves an attitude maAneuver to align the vehicle
roll axis in the computed direction for the velocity correction, an
accurately controlled velocity correction and a reverse attitude maneuver to
reacquire the sun and ster, The S/C mechanization, with the possible excep-
tion of the vernier fuel loading, shall be capable of two such midcourse
corrections. However, the time between a subsequent ignition of the veraier
engines and the termination of the last previous ignition of the engines shali
be at least one hour.

3.6.1 Correction t n: From the S/C tracking data,
its orbit and predicted lunar miss shall be computed by the SFOF Computing
(“ ‘ Facility. See Section 6.4 of this specification foxy details.

3.6.¢2 Correction Capability: Capability for an automatically
timed velocity correction of up to 50 meters/sec (164 ft/sec) shall be pro-
vided. This provides a nomi.al capability of correcting a mise at the moon
of 9610 Km (5170 n.mi.) perpendicular to the approach trajectory. The
emergency capability for velocity corrections greater than Sl meterl/lec,
tut with reduced accuracy, shall be providad (with the exception of vernier
fuel) through the use of manual burning time control from the ground.’ The
minimun possible velocity correction command shall be 2.0 meters/sec (6.6 ft/sec).
The spacecraft design shall be such as to accommodate midcourse maneuvers
between zero and 50 meters/sec. ///

- 3.6.3 Correction accuracy: For all automatically timed
. corrections within the capability of paragraph 3.6.2, the residual pigs on
the lunar surface due to S/C mechanization shall not exce 00 Km ?1’

(53.9 n.mi.) for a vertical approach trajectory or 160 Ka (1)(86.45 n.mi) for
8 L5 degree approach trajectory. These requirenents shall apply only to a ‘
nominal 66 hour trajectory wherein the midcourse correction is mede no sconer
than 20 hours after injectison. In order to meet these requirements, the
folloving accuracies must be met:

Rl
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o 3.6.3.1 The actual thrust vector must be cont-olled such that
the resultant velocity increment is within 20.7 degrees(l)ot the computed
direction.

3.6.3.2 For incremental velcc .ty changes up to 100 ft/sec
(30.5 m/sec), the error in the magnitude u” the velocity change shall be
less than 1.3 ft/sec(2) and for larger vel)2ity increments, the error shall

scale linearly.

3.6.3.3 Acceleration level: au specified {n 4.k.1.

3.6.4 m d n):

3.6.4.1 Time of mageyver: As early as 4 hours and as late as
40 hours after injection. The nominal correction time shall be 15 hours
after injection for direct ascent and 20 hours for parking orbit. However,
all correction accuracy computations shall be based on a nominal <0 hour )
correction. . i
. 3.6.4.2 Initiation of attitude orientation: <15 min prior to
velocity change.

R )

3.6.4.3 Time required for attitude orientation: 12 min max.

3.6.4.4 Max. time available for velocity change: 51.2 sec. i
in automatically timed mode. 3

3.6.4.5 Time required fr normal reacquisition of sun and star:
15 min max (excluding any Canopus verification time).* ot

3.6.4.6 Required lead time allowance between the end of the 1
last midcourse guidance computation and the performance of the midcourse
correction: at least 2.0 hours.

3.6.4.7 Allowable time between actual velocity change and
precomputed time for the velocity change: At least 25 minutes. This is a
varisble to be computed by the m/c correction computer program. '

oA

=

. . . I ¢ - = ) Y




{

.

3.6,4.8 Timing Accurscy: The error between the command time
interval and the actual Time Interva! shall not exceed the following:,
a. 0.2 seconds plus 0,02% of the command interval

magnitude (1) for attitude orientetion maneuvers.

b. 0.025 seconds plus 0.02% of the command interval (1) °
y for velocity increment durstion.




{, 3.7 Coast Mode II

This mode is essentially the same as Coast Mode I except it
oceurs at greater S/C to earth ranges. This additional tracking data is
required to reestablish the orbit after the midcourse correction and to
accurately determine the landing location. This post-m.idcourse tracking
should be continued until just prior to the pre-retro maneuver. .

3.8 Pre-retro Maneuver

This mode includes: (a) the deployment of the planar array,
(b) spacecraft maneuvers to align the main retro thrust axis with the
velocity vector end the high gain planar array with the spacecraft-earth
line to transmit television pictures during lunar approach and, (c) the
subsequent coast period prior to retro-ignition during which descent TV
pictures are transmitted to the earth,

3.8.1 Regquired Action: The following items shall be
accomPlished during this mode:

3.8.1.1 Command all TV temperature controls on approximately
3 to 8 hours prior to computed ignition time, depending on 8/C supply voltage.

3.8.1.2 Command deployment of the planar array to its landing .
position if less than uS® or to 45® if the required position is greater than
45%. This shall be done while still locked onto the sun and star.

(, 3.8.1.3 Command computed roll maneuver as first step in
bringing thrust axis in line with velocity vector. Pitch and yaw attitude
controls remain on sun sensor hold. A less desirable alternative is to do
pitch or yaw maneuver first.

3.8.1.4 Command vehicle pitch or ysw maneuver to bring the
thrust vector in line with the velocity vector.

3.8.1.5 Command second roll maneuver to align the planar array

i
with earth. /‘
i . /

3.8.1.7 Command vernier engine nominal thrust bias (if
necessary). . '

3.8.1,8 Command setting of time deldy between altituds marking
signal and engine ignition. ’

3.8.1.9 Command altitude marking radar on.




3.8.2 Timing: (Pre-retro Maneuver)

3.8.2.1 Time required to erect the planar array: 10 minutes
mex.

3.8.¢.2 Initiation of maneuver: No more than 33 minutes prior
to computed retro ignition time.

3.8.2.3 Time for complete normal attitude maneuvers: 17 min-
utes max (incl. 60 sec timg between successive maneuvers).

3.8.2.4 Additioral time required for emergency or non-normal
attitude maneuver, if required, will come out of the time normally allotted
12 the TV,

3.8.2.5 Time by which all normal utfitude maneuvers must be
completed: 15 minutes prior to computed retro ignition time.

3.8.2.9 Command setting of rétro time delay: ot least 6 minutes Prityf/AM
. 'to retro ignition. *

3.8.2.10 Altitude marking radar power to "on": 5 minutes
prior to retro ignition.

3.8.2.11 HMerking radar emable: Marking radar is turned to
enadble at the altitude specified in 4.6.2.4. To accomplish this, the com-
mand shall be sent at the computed time 210 seconds.




3.8.3 Accuracy:

i} 3.8.3.1 The pre-retro maneuver shall bhe such that the pointing
accuracy requirement of 3.9.3.2 can be met during retro burning.

3.8.3.2 Throughout this phase, the angle between the planar
array electrical axis and the true 3/C - DSIF line shall be less than 2.3
degrees.(2)

3.8.3.3 Timing Accuracy: As given in 3.6.4.8.
[ ]

3.9 Main Retro Descent

This mode  begins with the altitude marking radar igrnition signal
and ends with ejection of the spent main retro case. .

3.9.1 A-tion Sequence: The following automatic sequence shall
be initiated by the marking radar signal:

3.9.1.1 At a nominal slant range of 6C miles the altitude marking
radar trizgers a timer which in sequence starts the vernier engines, ignites
the main retro, and applies power to the radar altimeter and doppler velocity
sensor.

8) 3.9.1.2 Vernier engines started by timer after preset delay
( (3-8.1. .

3¢9.1.3 Main retro ignited approximately 1 sec following vernier
ignition.

* 3.6.1.4 RADVS turned on at 0.55 sec following retro ignition.

3.9.1.5 Main retro burnout is signalled by the acceleration :
falling to 3.5 £ 0.5g. This signal initiates the following: (a) vernier §
thrust level increase to maximum programmed level, (b) starts a timer to tlow .
retro separation nuts and to permit pitch and yaw attitude control to be
switched from inertial to doppier velocity reference if or when the doppler
velocity reliable signal is present. The inertial owitch shall not signal
rgtro bgrnout when the instantaneous thrust-to-mass ratic is greater than
161 fpa<.

3.9,2 Timing: (Main Rntr; Descent)

3¢9.2.1 Hain retro ignition time: Approximately 3 minutes
before touchdown. .

P— m
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3.9.2,2 Time between ecliiitude marking radar signal and vernier
ignition: Radio commandadle from O tc 20 seconds or greater.

&“f

3.9.2.? Time between vernier ignition end main retro ignition:
1.1 sec 2 0.1 sec.\2,

3.9.2.4 Main retro action time:, Approximately L2 sec.

. 3.9.2.% Time from inertia switch signel to main retro ejection
signal: 12 % 0.1 sec.(2)

3.9.2.6 Time from main retro zgsction signal to first possible
attitude reference change: 2.15 % 0.1 sec.

3.9.3 Acquracy

3.9.3.1 Accuracy on time delay between altitude marking signal .
and actual main retro ignition (as defined in 1.3): 0.055 sec required.\c

3.9.3.2 At the time of main retro ignition snd throughout main
retro burning, the actual main retro thrust axis shall be aligned to the
actual initial velocity vector plus offset (if applicable) within 21 degree.(l)

(_ 3.9.3.3 Attitude rates during retro burning: As specified in
k.3.2 of this specification.

3.9.3.4  Throughout main retro burning the angle between the
planar urrni lectrical axis and the true S/C DSIF line shall be less than
2.5 degrees{(2) vith oaximum pitch, yav and roll disturbances.

///’

. 3.9.4 2urnout Copditions: The nominal S/C conditions at main
retro burnout vary from flight tc flight as a function of lunar distance,
declination, time of flight, landing location, etc. For all these variadles,
the maxisum and minimur nominal burnout conditions for a normal and a 25°

. Spproach are given below (assuming no doppler attitude control until after
main retro burnout).

ble of 3-2&2 W’ The 8/C shall be
capa as landing for unbreked impact approach angles up to 2
degress off vertical. ¢ o 45
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MAIN RETRO BURNOUT CONDITIONS

For Normal Approach For 25° Approach

Maximum Minimum Max {mum Minimum
Itenm ominal %34 | Nominal $3¢ | Nominal %3¢ | Nominal 23,

Altitude (Kft) 47 39 22 19 W7 19 28 19

Slant Range
(xet) k| 49 31 13 | 61| 12 39 | 13

Yelocity . _
Magnitude (fps)| 525 |t125 200 | %125 |sS25 |f125 256 | %125
Angle Retween
Velocity and . .
Lunar Vertical 0] %16 0% | us® | 23°| 6 1k 125
Angle Between '

Roll Axis and
Iunar Vertical 0°| =21° o n°

zso +° 25. £°

3.10 Yernier Jeacent

The vernier descent phase begins with the ejection of the

© main retro engine case and ends with the vernier engine shut-off which

nominally occurs at an altitude of 1L feet.

3.10.1 Action Seguence: The following automatic seguence
controlled by the spacecraft ahall be follovwed in this phase:

3.10.1.1 At a fixed time delay of 2.15 0.0l seconds following
the retro case ejection si;nal (to allow time for the case to clear the
vehicle), the pitch and yaw attitude control and the vernier engine thrust
control is "armed” to permit switching to vernier descent control modes when

the radar reliable signals are present.

. 3.10.1.2, When tha doppler velocity relisble signel is present and
the attitude control is "armed", the pitch and yav attitude control shall be

switched to the doppler velocity reference and the vehicle attitude is con-
trolled by servoing the components of velocity normal to the vehicle axis
(Vx and V&) toward zero. The S/C shell be designed such that the doppler
reference can be used for attitude control prior to retro burn-out if so

desired by minor circuit revisions.




3.10.1.3 If the altimeter reliable signal is not present when
the thrust control is "armed", the thrust command is switched from maximum
programmed thrust (see 4.4.3) to minimum programmed acceleration (see 4.L.L.1)
and is held there until the -altimeter reliable comes on.

3.10.1.4 When the altimeter reliable signal iz present, the
thrust control shall be switched from the fixed thrust command to the pro-
grammed velocity-slant range trajectory control mode. In this mode, doppler
velocity information is used to provide proper error signals to the velocity
control system to maintain the desired slant range/velocity ratio prescribed
by tne programmed descent trajectory.

3.10.1.5 When a velocity (Vg) of 10 ft/sec is reached
(nominally at an altitude of 43 ft, the _onstant velocity control mode is
initiated. Attitude control is switched back to the inertial reference and
engine thrust is servoed so as to achieve and maintain a 5 ft/sec constant
value.

3.10.1.6 When an altitude of 14 feet is reached, the vernier
engines shall be shut off, thus terminating this mode.

3.10.¢ Timing: (ernier Descent)
3.10.2,1 . Time between initiation of attitude maneuver and

alignment of vehicle roll axis to velocity vector: 9 sec max (for 45°
Daneuver). d

3.10.3 Accuracy: 1In order to meet the requirements of 3.11.2,
the following conditions shall be met: -

3.10-3.1 Vernier engine cut-off altitude: L ft £ b.5 re(e) /////‘
from the lunar surface to the a er antenna boresight plane. )

3.10.3.2 Vertical velocity at vernier enging cut-off: 5 ft/sec
21.5 tt/oec.(ag . = /

10.3.3 Altitude at swvitch-over to inertial attitude control:

3
43 215 re.(2)
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3.10.3.4 Lateral velocity at vernier engine cut-off: 0 %4.0
rt/sec.(1) .

3.10.3.5 gggle bet;een roll axis and local vertical at vernier
engine cut-off: O % 4.8 deg. '

3.10.}.6 Total angular velocity after vernier engine cut-off:
<3.2 deg/sec. (1

3.10.3.7 Roll attitude: The roll attitude throughout this phase
shall be as specified in 4.3,1.4 of this specification.

3.11 Toughdown

After vernier engine cut-off, the S/C free falls to the
lunar surface.

o 3.11.1 Timing: The time from vernier engiﬁé cut-off until
Tfirst contact with the lunar surface shall be leas than 2 sec.

3.11.¢  Pre-Touchdown Conditions

The S/C descent shall be controlled such that the
following conditions are in effect at the instant prior to touchdown (contact
vith lunar surface).

3.11.2.1 Longitudinal velocity: < 15 ft/sec.(2)

Longitudinal refers to the z-axis of the spacecraft
coordinate system. '

3.11.2.2 lateral velocity: «5.0 ft/lec.(l)

Lateral velocity is the component of total velocity
which lies in the x-y plane of the spacecraft coordinate system.

3.11.2.3 Angle between roll axis and local vertical: <7 deg.(l)

This angle is measured in the plane defined by the 8/C
velocity and local vertical.

3.11.2.h Magnitude of total angular velocity: <3.2 deg/sec.(l)
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3.11.3 Lunar Surface: For touchdown considerations, the lunar
surface shall be as specified in 3.13.3.5 of the Surveyor Design Specification,
JPL No. 302k0.

3.11.4 uchdo t

The structural mechanization of the S/C shall be such
that landings under the following conditions can be sustained without damage
to the S/C that would impair the conduct of lunar operations. Note that
"horizontal” and "vertical" in tnhis paragraph are not equivalent to "lateral”
and "longitudinal” in paragraph 3.11.2.

3.11.4.1 Vertical velocity: =20 ft/sec

3.11.4.2 Horizontal velocity: <7 ft/sec

3.11.4.3 Angle, S/C Roll Axis to Vertical: =8 deg

LT bk Angular rate, angle of 3.11.4.3: <U deg/sec

3.1 Poatlanding Engineering Yerificatiop: The postlanding
engineering verification phase begins with lunar contact when the final
spacecraft kinetic energy is absorbed by the landing gear,and is terminated
vhen the solar panel acquisition of the sun (for the case of a lunar day
landing), the planar array acquisition of the earth,and the postlanding
engineering assesshent are completed. Unless indicated otherwise, the re-
Quirements specified refer to day or night landings. The timing specified
assumes the absence of operational thermal constraints. A mid-day landing
may be subject to the constraints specified in 4,10, thereby requirirng
an extended period for completion.

3.12.1  Qperations: After touchdown, but before the preparation
for the lunar experiments, the'following operations are required to prepare
the spacecraft for the lunar phase of operation:

3.12.1.1 Yerificetion of Comgunication Capability: It is
required that the ground receiver maintain phase lock during the touchdown
period. If phese lock is lost for any reason, reacquisition will normally
be complete within <0 seconds after touchdown. :

3.12.1.2 Termination of Transit g;::ationl: Terminal
descent phase subsystems or functions not required dwring the postlanding

lunar operations shall be turned off by ground command.

T
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; 3.12.1.3 Asgessment of Basic Bus Touchdown Survivai: An
! acssegsment of the operating condition of as many basic bus functions as is
poseible is required for mission evaluation and lunar operational planning.

3.12.1.3.1 Initial Postlanding Engineering Assessment: The
initial assessment shall provide preliminary evaluation of the signal proc-
essing, narrow band transmission, and the power and thermal status of the space-
craft to the extent possible. The purpose of the ‘assessment is to provide an
immediate verification of successful soft-landing as well as the capability of
the spacecraft to support subsequent operations.

3.12.1.3.2 Subseguen ineering Assessments: Additional
asgessments are required to verify the functional capability of the antenna
and solar panel positioners and the solar panel and battery charging circuitry
(day landing only) and the planar array.

3.12.1.3.3 Mode Television: The television camera may be
operated in the 200 Line Scan mode to provide preliminary data related to the
lunar surface and the landed condition of the spacecraft.

3.12.1.4 Orientation of the Solar Panel and Planar Array: The

optimum orientation procedure to be used is dependent upon the landing site
location and solar lighting conditions,

3.12.1.5 Determination of S/C landed Attitude (day landing only)

( 3.12.1.6 Assessment of Basic Bue Capability to Support Lunar
Experimentation.
| ,
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3.12.2 Timing
{? 3.12.2,1 Initiation: Immediately after touchdown.

3.12.2.2 Time for Completion

3.12.2.2.1 The verificetion of communicetion end the termination
of transit operations will be completed within approximstely 2-1/2 minutes.
RADVS power shall be turned off within 2 minutes sfter touchdown. Execution
of the thrust phase power off commanded must be verified prior to RADVS power
turnoff.

3.12.3 Accuracy

(. "3.12.3.1 Solar Panel and Planar Array Positioning (Day Landings)

) For the purpose of determining the spacecraft attitude, the following posi-
tioning accuracies are required: The initial positioning of the solar panel
shall be such that the secondary sun sensor boresight axis will be parallel
to the 'spacecraft-sun line within %0.75 degree(3). The initial positioning of ;
the planar array shall be such that the antenra ®wlectrical axis will he parallel !
to the spacecraft/DSIF line within 21.0 degree(3 +« This'implies a received :
power meter on the ground that will indicate relative power levels to within :
at least 0.3 db.

_ 3.12.3.2 Post Landing Attitude Determimation (Day Landings) e
The attitude of the 8/C in celestial and selenographic coordinates shall be //
determined from the solar panel and planar array gimbal angles with sufficient

accuracy to predict the following:

1) Local vertical to 4 degrees(3) in 8/C coordinates for
earth-sun angles greater than 15 degrees.
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. 2) Sun angle to 2 degrees(3) is S/C coordinates for earth-
{* sun angles greater than 15 degrees and assuming solar
panel and planar array positioning at 24 hour intervals.

3) Variations in local vertical in S/C coordinates in a 24
hour interval to 4 degrees. .

4) Time to terminator tc #8 hours for earth-sun angles
greater than 15 degrees assuming a known horizon in
§/C coordinates with a maximum of 15 degree slope.

3.13 Lunar Experimentation: The lunar experimentaticn phase begins
with the completion of the solar panel and planar array positioning and
engineering assessment and continues until the end of the mission. Unless
indicated otherwise the requirements specified refer to day landings.

3.13.1 Survey Television

3.13.1.1 Spacecraft Observations: At e;propriate times during
the lunar mission, television will be used tc aid in the general engineering

evaluation of the spacecraft status.

‘T- ’ 3.13.1.2 Paylosa Cbservations:

At appropriate times during the lunar mission, television
vwill be used to aid in the evaluation of the Alpha Scattering Instrument.
Deployment of the Alpha Scattering Instrument will be aided by television
observaticns.
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3.13.2 Engineering Interrogations

{ 3.13.2.1 Sampiing of the Mode 4 or Mode 5 Commutator Data: The
Mode 4 or Mode 5 commutator data shall be sampled at least once each 1.5 hours

(minimum of 30 fremes) during the non-critical periods of the lunar phase. It
is desirable to transmit data continuously during the following periods:

3.13.2.1.1 Postlanding engineering verification.
3.13.2.1.2 Repositioning of planar array and solar panel.

3.13.2.1.3 Terminator interval.

3.13.2.2 Redundant Deta Requirements: Engineering commutator
Modes 1, 2, 4 and 5 shall be sampled at least once each 6 hours (minimum
of 30 frames each).

3.13.3 Solar Panel and Planar Array Rer>sitioning.

. (“ "~ 3.13.3.1 Solsr Pan-~l Repositjoning; The solar panel will
: normally be repositioned to track the sun a minimum of each earth deay during
the lunar .day.

: 3.13.3.2 Final Soler Panel Positioning: The =olar panel will
- be repoeitioned such as to 1limit the output voltage to a csafe level at
sunrice.

C 3.13.3.3 Plensr Array Repositioning: The planar array will
normally be repositioned & minimum of each earth day during the lunar day
to reduce pointing errors resulting from lunar librations.

3.13.3.4 Planar Array Repositioning Accuracy: The repositioning
shall be accomplished to provide electrical axis pointing erros consistent
with the spacecraft transmission modes in operation.

B S : - : O
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3.13.3.4.1 The electrical axis pointing error during the trans-
.i“ mission of gimbal angle data for attitude determination shall be less than
' 1.0 degree. The pointing error during television operation shall be less than
1.4 degrees (0.5 dv).

3.13.4 Spacecraft Power and Thermal Control Operations

3.13.4.1 Standby Mode: In order to most efficiently utilize
the spacecraft compartment A and B thermal capability and to maintain the
compartment temperatures below 125°F under adverse equatorial lunar noon
. environmental conditions, a capability to establish a standby mode from a
data transmission mode or a data transmission mode from a standby mode by
ground command is required. In the standby mode only the command receivers
will be operating with fill-in words interrupted and the electrical power
dissipated as heat in compartment A and B shall be limited to approximately 3
'\ watts and O watts for day or night landings respectively.

3.13.4.2 Pre-Sunset Compartment Heating: To maximize post-

sunset operating capability, solar panel power shall be used to raise
compartment tray temperatures to the thermal switch closure temperature.

3.13.4.3 Compartment A and B Heater Control: A capability for
(' 3 states of compartment heater control shall be provided by ground command

(day or night).
3.13.4.3.1 Compartment A and/or B heaters automatic.
3.13.4.3.2 Compartment A and/or B heaters on.

3.13.4.3.3 Compartment A and/or B heaters off.

L4

3.13.4.4 g’tﬁ%mm: The power system shall be
capable of Wutomatically charging the battery upon solar panel illumination
vhen the initial state of the spacecraft is the standby mode described in
paragraph 3.13.4.1 and the battery is less than fully charged (day or night
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3.13.4.5 Minimum Battery Charging Time: A minimum float charge
time of 72 hours is required to recharge the battery to the maximum charged
condition assuming battery has completely discharged.

3.13.5 Spacecraft Operational Life

3.13.5.1 lunar Day: The spacecraft shall be capable of operation
from sunrise to sunset in any standard mode of operation, including the use of
the above standby mode to equalize the electrical) power dissipated as heat and
the thermal dissipating capability of compartments A and B. Subject to the
thermal constraints of paragraph 4.10 the spacecraft shall be capable of com-
pleting, without supplemental solar pandl power, approximately 3 hours of post-
ianding operations which include the postlanding engineering verification and one
narrov-angle black and white television survey. ’

3.13.5.2 Lunar Night:

3.13.5.2.1 Night landing - For the case of a lunar night landing,

the spacecraft shall be capable of & minimum of 3 hours for SC-1 through SC-4

and 20 hours for 8C-5 through SC-7 of post-touchdown survival (non-operating).
]

3.13.5.2.2 Dey landing — For the case of a lunar day landing, and
assuming a fully charged battery at sunset, the spacecraft (excluding payload
energy requirement effects) shall be capable of a minimum of 150 hours of non-
operating post-sunget survival. .

3:13.5.3 Desired Operating Life — It is a desired objective to
achieve the capability of a 90 day period of operation.




| B SRR . (R (S ¢ St 0 <

3.13.6 Alpha Ecattering Instrument (SC 5,6 and 7)

3.13.6.1 Initiation: The operstion of the a
instrument shall be initieted by earth command to the spacecreft. The
following control of instrument operation shall be provided by earth

comnand $

1)
2)
3)
4)
5)
6)
)
8)
9)
10)
11)
12)
13)
14)
15)
16)
17)

Alphe Detector No. 1 ON

Alpha Detector No. 2 ON

Proton Detector No. 1 ON
Proton Detectcr No. 2 ON

Proton Detector No. 3 CN
Proton Detector No. 4 ON
Calibration ON

Alpha Detectors No. 1 and 2 OFF

lpha scattering

Proton Detectors No. 1 ard 2 OFF
Proton Detectorr ™ . 3 &nd 4 OFF

Calibration OFF
Alpha Scattering Power ON
Alpha Scattering Power OFF

Alpha Scattering Heater Power ON
Alpha Scattering Heater Power OFF

Deploy to background count position

Deploy to lunar surface

3.13.6.2 Timing (Alpha Scattering)

3.13.6.2.1 In the Typical sequence of operation the following will
be completed: Standard sample count (3 hours), background count (3 hourgﬁ,
initial lunar surface count (6 hours), and data accumulation count (24 houre).
The totsl interrupted time in either the standard sample or background count
shall not exceed 30 minutes. . The total interrup*ted time during the initiel

lunar surface count shall not exceed one hour.

The time from iniulation of

the standard sample count and the initiation of the lunar surface count shall

not exceed 7 1/2 hours.
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SPACE SYSTEMS DIVISION'
it

' ' >3
. SURVEYOR SYSTEIN PUNCTIONAL REQUIREMENTS 224510
- ‘ A P ‘ . ... ‘ ' -"',"'n — U &
HUGHES ARGRAFT COMPANY ] '
vass b3 @77 mans

4




RGN

i}

3.13.6.2.2 A high quality television picture'shall be obtained

of the lunar surface (to which.the instrument i to be deployed) and the
inetrument in the background position prior tc deployment to the lunar syrfece.

3.13.6.2.3 Measurements of the sensor and electronicse temperatures
shall be obtained each 30 minutes of instrument operation.

'
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4.0  SPACECRAFT PERFORMANCY

4.1 General

L.1.1 Functional Block Diagram* .

A stnplified block ‘iagram of the Surveyor spacecraft is
shown in Pigure 4-1. This section (4.0) specifies the required system per-
formance for these subsystems.

L,1.2 Weight and Inertia Control

4.1.2.1 The total "injected”’ weight and '"payload" weigr* shall
> as specified in JPL Specification 30240.

L,1.2.2% On the basis of present trajectory computations, the
weight history may be assumed as stated in the HAC document titled
Susreyor Syracecraft Monthly Performance Assessment Report.

N 4.1.2.3 For trajectory computations, the actual launch weights
of each spacecraft shall be known to within 0.25 percent at least 120 days
before the first possible launch day.

4,1 2.4 Minimum S/C weight at landing: 587 pounds.

L.1.2.5 Maximum S/C weight at landing: 645 pounds.

Lb.1.2.6 Maximum S/C dry landed weight: 605 pounds.

4L.1.2.7 Minimum S/C weight at first acquisition of the range-
velocity descent trajectory segments (see L.4.L.2): 652 pounds.

4.1.2.8 Maximum S/C weight at first acquisition of the range-
veiccity descent trajectory segments (see 4.4.L.2): 715 pounds.

o e .
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" For the S/C in the lsnding configuration just sfter retro separstion (sssuming

4L,1.2.9 Bellast

The spacecraft design shall be such thet up to 30 pounds
of bellast can be added to the retro case in steps of no more then 3/4 pound
to decrease the main retro decelerstion for those cases in which the injection
energy and the lunsr approach velocity sre low. This bsllast shall be added
to the retro cese such that the moment genersted by, the sdded bsllast weight
with respect to the center of the retro mounting hole circle shall be less

than 0.3 inch-pounds.

L.,1.2.10 Moments of Inertie and Products of Inertie

These values shall be bounded by the following mexims end
minima for the S/C throughout the landing phase from Just prier to retro ignition
with a full losd of vernier fuel to juat prior to touchdown with 811’ vernier fuel

gone.

Ix - between 116 ancd 229 slug ft2

Iy - between 124 and 239 slug £4°

I, - betweer 119 and 224 slug £t°

sz - less than 10 slug ft2

Izy - less than 10 slug ft2

Iyx - lesg than 10 slug ft2 :

ell midcourse vernier fuel and the nominal vernier fuel required during retro
burning end separation have been used), the actusl moments of inertis shall be
known for each S/C to %5 percent for Ix end Iy, end ¥10 percent for Iz'

e N A

s s s

L,1.2.11 Radius of Gyration

The redius of gyretion for the spscecraft in the lsnding
configuration of L.1.3.1.3 shall be between 28 and 32 inches with respect to
the X eand Y axes.

L.1.3 Center of Gravity snd Alignment Requirements

The basic alignmert plane of th S/C is thet plene defined
by the column ba;e fitting of the S/C base frame. The perpendicular to thst
plane passing through the geometricsl -enter of the S/C opticel tooling fixtures
is the 8/C roll exis as defined in Section 1.3. In.the following requirements,
the overall system requirement is first given followed by further breskdowns
where spplicebdle.
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4,1.3.1 Sparecralt Herizontal v, v,

4.,1.3.1.1  Lavasn Confiruvation

The c.g. of the total S/C, including the main retro
engine, full load of vernuier fucl, uitrogen ras, eud helium gas, when in the
launch conf guration shall be within 1.CC izches oY *he §/C roll axis in a
direction perperdicular to the roll axis. For SC-2 and SC-4 only, *the center
of aravity shall be within the e:velope depictes irn Fi-ure haZ,

4.1.3.1.2 Retro Configuration

The total c.g. of the §/C including main retro engine,
vernier fuel, nitrogen gas, planar array and solar panel in landing condition,
and excluding the altitude marking radar; shall be within 1.00 inches of the
8/C roll axis throughout the main retro burning phase.

4.1.3.1.3 Landing Configuration

The c.g. of the S/C, less the main retro, vernier fuel,
and nitrogen gas, when in the landing configuration shall be within 1.00 inches
of the 8/C roll axis in a direction perpendicular to the roll axis. e actual
position of this c.g. shall be known for each S/C to within #0.1 inch (2) for
post-flight analysis purposes.

4.1,3.2 Spacecreft Vertical c.g.

The c.g. of the 8/C when in the isnding configurstion
(as defined in 4.1.3.1.3 sbove) shell not be greater then 20.4 inches nor
less than 16.9 inches sbove the S/C XY plene snd this distance shall be known
for esch 8/C to 0.1 inch (2) (desired) or 0.25 inch (2) (required) for post-

flight enelysis purpose.

b.1.3.3 Offset Between the Retro Engine Ihrust Vector end
the Combined S?C-@gin Retro c.g.

Throughout main retro burning for all expected environ-
mentel end spacecrsft conditions, the perpendiculsr separstion between the
actual retro thrust vector and the combined S/C-msin retro c.g. shall not
exceed 0.18 inch (1). This separstion is epportioned between the verious
contributors es follows: ‘

4.1.3.3.1 Initiel Alignment

. The main retro engine shell be instelled such es to
minimize the offset between the retro engine ‘hrust vector snd the combined
$/C-retro center of grevity at retro ignition.




+Y

Zone of main retro interference, mirrors vertical (cepter-of-gravity
shall not fall within this a.reas.

1o mww-ﬁmw.. PR S

Mirrors are edjustable into this area if main retro mounting permits.

LAUNCH CONFIGURATION CG LIMITS

-

; | ' FIGURE 4=2 . .
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L.1.3.3.1.1

{ '

Install *ion

The offset between the predicted location of the retro

thrust vector at retro ignition and the predicted combined S/C-retro c.g. under
alignment conditions shall be less than €.00O5 inches.

4.1.3.3.1.2

Spacecraft Center of Gravity

The error in predicting the location of the spacecraft
P

center of gravity under the following alignment conditions shall be less

than 0.015 inches (1):

4.1.3.3.1.3
4,1.3.3.1.k

“"olc3.3-105

a) The §/C is in the retio descent configuration
(e.g., marking radar ejected, planar array and
solar panel in landing conditions, landing legs
and omni antenna extended).

b) Nitrogen gas weight equal tb the lcaded weight
minus the expected usage prior to ~etro ignition.

¢) Vernier propellant used is 1/2 of .1at required
for a. 3o midcourse mancuver zlius I .1 second [ ]
p.te-erru oparat lon,

d) Helium gas distribution corresponding to that
required to expel vernier propellant to the

vernier propellant alignment condition.

e) Planar array at nominal landing position selected
for the particular launch.

Retro Engine Assembly Center of Gravity

As given in 4.2.1.11

Initial Retro Engine Thrust Vector Location

As given in «.2.1.11

Planar Array Position

To allow for a change in landing site following

launch, the shift in the combined S/C-retro center of gravity from the align-
ment condition produced by corresponding change in planar array position
vithin the angular range as given in paragraph 4.8.1 3.3 shall be less

than 0.005 inches.

R
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4,1.3.3.1.6 Comtined Center of Grevity Ballest Limitstions

{' The meximum bellast thet mey be added to the space-
’ creft lending paeds to slign the spececraft/retro combired center of grevity
to the retro nozzle centerline is listed below for eacl leg:

OV SR

wats e ara,

Leg number 1 1.5 pounds

Leg numpber ¢ 1.5 pounds

Leg number 3 .2% pounds

L
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k.1.3.3.2 Change in Offset During Retro Period

.‘  The change in retro thrust vector to combined center of
gravity offset shall be controlled by the following requirements:

4.1.3.3.2.1 8/C Deformations Due to Heat and Thrust load

As given in 4.1.3.16.1.

4.1.3.3.2,2 Vernier Fuel System c.g. Excursions

As given in L.1.3.6.4,

k.1.3.3.2.3 Retro Engine c.g. Excursions During Burning
As given in 4.2.1.12.

b.1.3.3.2.4 Retro Engine Thrust Excursions During Burning
As given in L.2.1.1%

~

L.1.3.4 Retro Engine Thrust Vector Anguler Alignment:

Throughout mein retro burning for sll expected
environmental and S/C conditions, the angle between the sctusl mein retro
thrust vector and the senscr group roll exis boresight shall not be grester
then 0.4 degrees (1). This specificetion shall include the following:

4,1,3.4.1 Retro Installetion:

The instsllation of the retro engine to the spacecraft
shell be controlled such thet s line perpendiculsr to the retro reference
plane (aee Section L.2) shall be perasllel to the spacecrsft roll axis (see
Section 1.3), within 0.C5 degree (1).

L.1.3.4.2 Sensor Group Instsllation

As given in L.1.3.7

4.1.3.4.3 Sepsor Group Alignment Excursions Dus to Heat sn
ﬁtmt snd Vivration

‘As given in 4.1.3.7.3

3
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4.1.3.4.4 Retro Engine Thrust Alignment

As given in 4.2.1.11.

b.1.3.4.% Retrc Engine Thrust Angular Excursions During Burning

As given in 4.2.1.17% and 4.1.3.16.2.

L.1.3.5 Vernier Engine Thrust Alignment

4.1.3.5.1 The vernier engines including the swiveled engine when
at its mechanically centered position, shall be installed so that the following
overall alignment requirements can be met under the stated conditions through-
out the life of the engine.

L.1.3.5.1.1 With Main Retrn Off

With the main retro off and the vernier engines at any
thrust level, the angle between the actual thrust vector of any one engine and
the S/C roll axis shall not exceed 0.70 degree(l).

k.1.3.5.1.2 With the Main Retro On

Throughout main retro burning with the vernier engines
at mid-thrust, tne angle between the actual thrugt vector of any one engine and
the S/C roll axis shall not exceed 0.55 degree(l

. 4.1.3.5.2 These overall requirements (4.1.3.5.1) are made up of the
following contributors.

L.1.3.9,2,1 1Installation Alignment

The vernier engine alignment %sngle is defined es the
angle formed by rotating the vernjer engine sbout its trurnion sxis such thet
the nozzle centerline moves from s position which is perellel to the spsce-
craft roll axis to the aligned position. A positive sngle signifies that the
vernier engine is rotsted such es to move the nozzle towerds the engine mounting
bracket. The aiignment sngle shall be +0.15 degree for all engines. In s
direction normsl to rotstion sbout the trunnion 8xis’, the engine centerline
shall be aligned parallel to the spececratt roll sxis. The angulsr slignment
tolerance for all engines in both of the sbove directions shall be 0.075 degrees
(1), except for the alignment engle of engine 1 which shell be 0,10 degree (1).
The alignment tool weight shall be 11 + 1 pounds. The supported weight on the

bracket shell be 8.49, 6.80, €.79 pounds for engines 1, 2, 3, respectively.
The supported weight she.l be within 0.2 pound of the sbove values.
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L,1.3.95.7.2 Vernier Engine Mounting Brescket Bending Constant

As xiven in L4, 1.4.16.6.

L.1.3. Vernier Engine Thrust Vector Excursions

R
.
o
»

As given in L,2.2.11

4,1.3.5.2.4 Environmental Effects: The shift in anguler align-
ment of the vernier engines -from the initial preflight alignment condition due
to flight environment excluding bracket bending resulting from acceleration
and thrust loads shall be less than 9.1 degree (2).

L.1.:.6 Vernier Engine System to Sensor Group Roll Axis
Alignment

In this section. the vernier engine system shell
include sll nozzles, control valves fuel tanks, fuel lines. helium tenk,
ond helium lines =s instslled on the S/C.

L.1.2.6.1 Moment Arm Léngth

For esch spacecreft, the distance from the spece-
oratt roll sxis to each of the vernier engine nozzle centerlines shell not
deviste from the mean of the three distsnces for that spececrsft by more thsn
.17 inch (2).

The minimum moment arm length shall be 37.7 inches.

4.,1.3.6.2 Vernler Roll Control Gimbal Axis

Given 8 theoretical line psssing through the vernier
thrust sxis-gimbsl sxis junction and also pessing through end perpendiculer to
the S/C roll exis. the included engle betweern this line end the vernier roll
control gimbal sxis shsll be no greater then 1. degrees 1),

4,1.3.6.3 Vernier Propellsnt Losding Accurscy

The specified propellsnt losd for eech fuel or
oxidizer tenk is one third the totsl spe:ified losd of fuel or oxidizer. The
indicsted propellsnt wfiiht loeded in each of the six propellent tanks shell
e within Q.25 pounds of the specified loeding for thet temk, The totsl
error in messurement of the actusl propellent losded in each tank shsll de
less then 0.1 pourd(2), Tue positive tolersnce on propellent tenk losding
shell not reduce the minimum useble capacity of the vernier propellsnt system.

4L.1.3.6.4  Vernier Propellent c.g. Excursions

4,1,3.6.4.1 Vernier Propellsnt ¢c.g. losded Condition

When the verniar prop;llont tenks sre filled to the
specified loeding, the c.g. of the vernier propellent shell be within 0.1 inch

"
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4.1.3.6.4.2 Vernier Propellant c.g. During Main Retro Phase

Throughout main retro burning, the vernier propellaat
center of gravity shall shift in such a direction as to shift the combined

spacecraft-retro c¢.g. toward the re*rn inrust vector.

4.1.3.6.4.3 Vernier Propellant c.g. During Vernier Descent Phase

™he S/C c¢.g. shall not shift more than 0.2 tnch(l)

in 8 direction parsllel to the XY piane during the vern1er aescent pnase due
to uneven 'rropells’ . distribution.

4.1.3.7 Flignt Control Sensor jroup Support S ructure nlignment

This group includes the primary sun sensor, the Canopus
sensor, the roll, pitch and yaw attitude gyros, cnd accelerometers.

4.1.3.7.1 The sensor group support stru?tgre roll axis shall be

alignec to the vehicle roll axis within 0.10 degreell),

L.1.3.7.2 The sensor group support struczuge yiteh axis shall be

aligned to the vehicle pitch axis witkin 0.40 degreell).

4.1.3.7.3 Angular alignment uncertainty of the sensor group to the
vehicle roll axis due to acceleration and vibration loads and heat loads shall

not exceed .20 degreell).

L.1.3.8 Cancpus Sensor Alignment

The Canopus sensor boresight axis shall be aligned to the
sensor group support structure pitch axis such that the overall pointing speci-
fication of L.3.1.2 can be met. Further, it shall be possible to position the
Canopus sensor fi:ld-of-view in the plane of the sensor group pitche-roll axes
to the accuracy and over the limits specified in L.5.4.2.

4.173.9 Gyro Aligrment
Zach of the thres gyroe shall be aligned to their respec.
tive sensor group axes such that the specificatioans of 4,3.1 ean be met.

‘m
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4.1.3.10 Thryst Control Accelercmeter Alignment

The cccelerometer sensitive axis shall be aligned along
the sensor group roll axis such that the thrust control requirements of L.k
can be met.

4.1.3.11 Altitude Marking Rsdar

The antenae sxis shall be within 0.50 degree(l) of the
vehicle roll axis provided the radsr attach points shall be vithin Q.25 degree 1)
of proper orientation, following exposure to all pre-retrc S/C environne?tl.

4.1.3.12 Radar Altimcter and Doppler Velocity Sepsor

During vernier descent, .he radar altimeter ~r%eana axis
(RF bean) shall be aligned within 0.40 dexree(l) of the venicle roll axis; and
the doppler velociy sensor antenna axes (RF beam) shall b2 aligned -.rithin 0,40
degree\~) of the desired airections, Durir, mais rzivo burn, the doppler velocity
sengor antenna axer shall bc alignsd within 2.0 dorrees\l) 5f the desired directions.
(See 1.3 for definition of antenna axzs.)

4.1.3.13 Antenna/Solar Papel Positionsr

The antenna/solar panel positioner shall Le ianstalled such
that the requirements of 4.8.1.3.4 can be met.

b.1.3.1% Prinary Sup Sevsor Alignment

~ The prirary sun sensor stall dbe 3..6u110d on the asensor
group support structure such that the overall pointing specification ¢® 4.3.1.1
can be met,

4.1.3.15 Secovdary Sup Sepsor Aisoment to Prinery Sun Sepsor |

The secondary sun senstr is nominally used after tmuchdown
but may also be used as a backup for the acqulsition sun sensor (8ss 4.%.3). Te
ensure this backup capability, the secondary sun sensor roll, pitch ané/cr yav
axes nust be aligned to the primary sur ssnscr corre axss, -her the solar
panel is i 1ts transit position, to within 22.0 degrees'l) in each axis. This
total aligmment specification ls a result of the fcllowing contridbuting
specifications: :

'.1.3.25.1 Secopdary Sun Ssasor Null Agoursgy .

As given in b.%5.2.3.

As € ven {n 5.3.!.7.
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4.1.3.15.3 Solar Panel Mechanism Assembly

4.1,3.15.4 Vehicle Structures

’ In providing for the planar array.solar panel mast
and the tra?sst roll lock, vehicle structures shall contribute less than
$0.5 degree to the total alignment error.

4.1,3.15.5 Primary Sun Sensor Al@ggggnt

As required by 4,1.3.14 end L.5.1.4

4.,1.3.,16 Spacecraft Structural Deformation

4.1.3.16.1 Retro Nozzle Centerline to S/C c.g.

For all éxpected environmental conditions, the dis-
placement between the retro nozzle centerline and the combined S/C-retro
engine c.g. shall change no more than +0.07 inch(l) from the static no thrust

position during main retro thrusting. ’

4.1.3.16.2 Retro Nozzle Centerline to S/C Roll Axis

For all €xpected environmental conditions, the angle
between the retro nozzle centerline and the S/C roll axis shall change by not
more than 0.15 degree(l) from the static no thrust condition due to main

retro -thrusting.
4.1.3.16.3 Sensor Group Roll Axis to S/C Roll Axis:

As given in 4.1.3.7.3.

b.1,3.16.4 Vernier Engine Angular Alignment . (/

Included in 4.1.3.5,

.

.1.3.16.5 Antenna/Solar Panel Positioner Static Deflections

" As given {n 4.8.1.3.5 and 4.8.2,3.5.
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4.1.3.16.€ Vernier Engine Mounting Bracket

The vernier e 3ﬁe bracket bending constant shall be
less than 0,50 degrees per 100 pounds of load applied along the vernier
engine centerline. Expected value and standard deviation of bracket stiffness
is required one month before vernier engine alignment.

4,1.3.16,7 Omni-Antenna Dynamic Deflections

(a) During engine burning phages, both retro and vernier
as well as vernier only, the omni.antenna motion at the end of the boam shall
not exceed a magnitude of 5 cm peak-to~-peak and shall not have a fundamental
frequency component of greater than 30 cps.

sb) During a normal lunar landing (i.e., in specification
touchdown conditions) the omni.antenna motion at the end of the boom shall
nct exceed a magnitude of 20 cm peak-to-peak and shall not have a fundlnental
frequency component of greseter than 10 cps.

4,1.3.16.8 Planar Array Dynamic Deflections

During main retro descent, the planar lrfcy transla-. .
tional motion shall not exceed a magnitude of 5 cm peak-to-peak and shall
not have a fundamental frequency component of greater than 30 cps.

4,2 Propulsion
2.1 Main Retro Engine

k2,11 Useful Total Impulse ‘Sbe 1.32 /

See classified addendum. The allowvable variantion in
uaefu; total impulse “rom the nominal value is apportioned below.

k.2,1.1.1 Propellant Loading Accuracy

As given in Section L4.2.1,5.

4.2,1.1.2  Unusable Propellsnt

Weight of propellant remsining in ongine at the
end of retrointerval (See 1.3) shall be less than 1 pound




4.2.1.1.3 Useful Specif.c Impulse Variation (See 1.3)

A: given in 4., 2.1.2.

L,2.1.2 Usefu. Speciric Impulse (See 1.3)

See clascsified adderndum. The nominal value of useful
specific impulse shall be specified nct later than four months prior to
scheduled launch date. .

4L,2.1.3 Trkrust Levels

Tre maximum Instantaneous thrust over the operating
temperature and at vacuum conditions shall not exceed 10,000 pounds. The
minimum instantanecus thrust cver the temperature range at vacuum condia
tions shall nct be less tharn 8000 lbs durine he time interval from 10
seconds after retrc ignitiorn until the begr r..& of the thrust decsy.

L.2.1.4  Thrust Time Profile (See 1.3)

See clascsifled addendum,

L,2.1.5 Propellant Loading

Retrc shall be capable of being loaded to any propel.
lant weight between 1197 as 1300 pcunds. Allowable error in propellant
loading is 0.3 per cent(2) of the specified propellant wei t, Actual pro.
rellant weight shaell be known after loading to 0.1 percent 2). Propellant
lcad for each launch shall be specified nct later than three mon- s prior to
scheduled launch date,

. L.2.1.6" Propellant Temperature

The average grain temperature at time of operation shell

be 559F 420°F(2).  The minimum temperature at any point within the propellant
shall be 10°F. The maximum error in grediction of the aversge grain tempera-
ture at retro ignition shall he 20°F(

4.2,1.7 Ignition Time ‘332 .3)

The nominal engine igniticn time (ses 1.3) shall be
0.30 second for any temperature within the range of +20°F to +70°F. The

variation on ignition time shall not exceed 0,050 second(2),
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4.,2.1.8 Retro Operate Interval (See 1.3)
See classified addendum,

4.2.1.9 Retro Inert Weight Change During The Retro Interval

Four months prior to launch, or earlier, the retro
inert w i’ht loss from ignition to separation shall be known to within 230

percent\2

4.,2,1.10 Thrust Decay

The time increment measured from a vacuum thrust level )
of 3,500 pounds to the point where thrust has decayed to less than 30 pounds .
shall not exceed 12.0 seconds. -

L,2.1.11 Center of Gravity end Inrust Alignment:

The refererce plane for the retro engine is determined
by three points which asre the intersections of the centerline of the cylindri-
cal hole in the conical bushings and the plane of the machined surface on the
retro mounting brackets. The angle between the nozzle centerline and the
‘perpendicular to the reference plsne shall not exceed 0.02 degree. The center
of the reference plsne is defined as the center of the circle containing the
. above three intersections. The maximum devistion between both the loaded and
(' unlosded retro center of gravity projected perpendicularly to this plene and
- the center of the reference plane shall be less than 0.030 inch. The distance
between the nozzle centerline and the center of the reference plane as measured )
in the reference plane shall be less than 0,007 inch i

L ]

L4,2.1.12 Center of Gravity Excursion

The engine c.g. shift during burning shall not exceed
0.03 inch(l) in the reference plent.

4,2,1.13 Thrust Excursion? é}*

‘ Actual thrust vector shift in the reference plane during
burning shall be no greatér than 0.0k inch(1) &nd the anguler excursion between 3
the actual thrust vector an?.the initial position of the nozzle centerline :
shall not exceed 0.2 degree'l), ) '

"Nozsle centerline and sctual thrust vector (see 1,3) are agsumed to be
coincident. If the actual thrust vector deviates from the nossle centeriine,
then the allowvances vith respeet to the norzle centeriine must be
correspondingly reduced to satisfy the overall tolersnces,
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b.2.2 Vernier Engine System

L.2.2.1 Specific Impulse

Vernier engine specific impulse shall be equal to or

. grester than the followinz ncminal values at maximum, mid-rsnge, and minimum °

thrust levelse.

Nominal
Maximum thrust 287 +6 aec.(a)
Mid-range thrust 278 +6 sec.(2)
€ (2)
Minimum thrust 273 4+ 6 sec.

h.2.2.% The nominal vernier engine oxidizer.fuel (O/F) ratio '
shall be 1.5 £ 0,1(2),

4.,2,2,3 The minimum useable propellant capacity of the vernier
engine system shall be 178.35 pounds at 100°F.

b,2.,2.4 Total Propellant Allowances

On the basis of present trajectory computations, the
breakdown of propellant weight allowances may be assumed as stated in the
HAC document titled Surveyor Spacecraft Monthly Performance Assessment Report.

4,2.2.5 Vernier Propellant lcading Accuracy

L ]
Vernier propellant loading accuracy shall be as
specified in 4.1.3.6.3, .

4.,2,2,6 Startup Impulse

Startup impulse shall be such that the requirements of
paragraphs 3.6, 3.8.3, and 3.9 are met. )

4.2.2,7 Shutdown Impulse

The nominal overall shutdown impulse for each engine
(including engine, throttle valves, switches and power supply), vhen opersting
at T7 pounds thrust, shall be less than 5 lbesec. The differsnce in shutdown
impulse between any tvo engines vhen opcnttn, at the eame thrust within &
pounds shall be no greater than 0.66 lb-seci2/, The nominal value of shutdown
impulse shall bde determined prior to spacecraft leaunch.,
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4.2,2.8 Hysteresis

For complete and continuous thrust excursions at rates in
which system dynamic lags are not effective, the width of all thrust versus
command loops shall be less than 3 pounds or 15 percent of the command thrust
excursion, whichever is larger.

4.2.2.9 Small Signal Freguency RnEnn

For a sinusoidal differential thrust commend whose ampli. .
tude is 8.7 pounds peak-to-peak about any level such that the instantaneous
thrust is greater than 30 pounds and less than 10k pounds, and frequency is
5 cycles per second, the ratio of thrust excursion to pesk-to-peai thrust com-
mand shall be greater than 0.85 times the ratio of average thrust to average
thrust command. The phsse shift between sinuscidal compcnent of thrust command
and sinusoidal component of thrust produced shall be less than 32 degrees.

h,2.2.10 Large Signal Response

The time for the engine thrust to change from a value less
than 35 pounds to greater than 104 pounds,or from a value greater than 98 pounds

to less than 30 pounds, in reeponae to & step change in thrust command shall be
less than 0.120 seconds.

4

k.2.2.11 Thrust Vector Angular Alignment

The actual th.rvzus vector of any vernier engine (see 1.3)
shall not vary more than ?;3 degree prior to retro burmout (3.5 g point),
nor more ‘than 0.45 degreell) for the duration of the aission, from the engine
geometrical centerline (as established by the engine alignment tool prior to
launch) throughout engine life. .

b.2.2.12 Engine Thru

Each engine shall bde ctp.blc of operation at a ainimum
thrust of no more then 30 pounds, & maximum thrust of not less than 104 pounds,
snd varying thrust levels between these extremes without restriction, throughe
out the use of the full load of usadble fuel.

4.2.2.13 Throttle Ratio

Each engine shall have a throttling cepability of at least

‘3.47 to 1 (greater tbrotniu ratios are strongly desired).
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k.2.2.14 Engine Thrust Command

For & given thrust command signal into the vernier engine
system, the actual thrust shall equal the commanded thrust with the following
sccuracies:

Commanded Thrust Actual Thrust
30 1bs 30 1bs *7 1va
67 loa 67 1bs ':g 1bs

iou ibs ioh lbs tlg 1ps '

4.2.2,15 PEngine Start Capability

Excluding any pré.lsunch opsrations, the engines shall
be capable of at least 4 starts during flight. The time between s subsequent
ignition of the vernier engines sand the termination of the previous ignition
of the engines shall be at least one hour.

4,3 Attitude Control

Vehicle attitude is.controlled by combinations of three attitude
sensing instruments and two powver or vehicle torquing devices. Control
sccuracies are specified in terms of the difference between actual and desired
position of a given spacecraft orthogonal coordinate system. Coordinate sys-
tems used in this cection -re "sensor group” and "spacecraft". Their
definitions and relstionships can be found i{n Section 1.3.

4.3.1 Steady-State Control Accurscies

%.3.1.1 Sun Referénce with Gas Jet Torquing

The sensor group roll axis shall be held to within 0.20
degree of the Sun-8/C line, plus 2 20.30 degree limf: cycle.

4,3.1.2 Canocpus Reference with Gas Jet Torquing

The angle between the sensor group rollepitch plane and
the projection of the Canopus — 8/C 1ine on the sensor group pitch-ysw plane
shall be held to within 0.20 degree of zero, plus a $0.30 degree limit eycle.
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Inertial Reference with Gas Jet Torquing

Assuming the items liated below, direction of esch axis

of the sensor group coordinate systen shall be known and controlled with
respect to the zero direction (es defined below) within 0,22 degree plus s
limit cycle amplitude about this point of 10,30 degree.

L,3.1.b

(:. to 0.5 degree

(desired) or 1.0 degrees'?

a) The zero inertial raference direction for the
sensor group coordinate system is that direction
in space which exists when control reference is
switched from optical to inertial.

b) Command rotation about aﬁy axis 1s s 180 degrees,

¢) Gyro drift is not included in the accurscy
requirement listed above,

Inertial Reference with Vernier Engine Torquing

When the previous control mode is inertial reference i

with gas jJet torquing, the sensor groyp coordinate system position shall bve -
known end controlled with respegt to the zero position (as defined in

4,3.1.38) to within 0.10 degree'?
main retro is off and to within 0,30 degree
the main ret 2%3 on.

s ByTO drefs excluded, in all axes when the

in the pitch and ysw sxes when

With the main retr? ?n, the error in‘roll may increase
(required), on the essumption

that no roll disturbing moment will exist ss & result of vortex action within .

the retro engine,

1 degree per hour (2),

per hour per g(2);

per hour per g2(2).

(a) Gyro non g sensitive drift shall be less than
(b) Gyro g sensitive drift shall be less then 2 degrees
(¢) Gyro anisoelastic drift shall be less than 0.02 degree

(a) G{rg elastic restraint drift shall be less then 0.6

degree per hour per degree

4.3.2 Attitude Retes
. 4,3,2.1 During precision maneuvers for midcourse end retro
. pointing, the steady state 5/C attitude rete shall bde 0,5 + 0.0011 degree
per second.
[ }
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4,3.3 Moment Contral Cepability
4.3.3.1 Vernier Engine Syetem

4,3.3.1.1 Pitch and Yaw

The attitude control system must be capable of maintain-
ing a stable attitude about any axis through the combined 8/C-retro center of
gravity, displaced from the roll axis per paragraph L4.1.3.1 and parallel to the
pitch-yav plane, with the folloving minimum control moment capability:

a) 1890 pound-inches when the total thrust is controlled

to 200 pounds,

b) 2065 pound-inches in the 150 or 200 pound command
mode, by allowing the total thrust %0 incresse or
decrease to that required to provide the moment required.

4,3.3.1.2 Roll Channel

The vernier roll engine st 30 pounds thrust shall produce
at least #90 pound-inches(2) of moment control sbout the ¥ehicle roll sxis.
The 99% probability steady state roll actustor engle required to maintain roll
attitude in the presence of maximum allowable moment disturbences shall be lc.s
than 24,5 degrees. The minimum roll actuator stop limit, in either direction,

shall be 5.4 degrees.
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'i: 4,3.3.2 Cold Gas Jet System

The control moment provided by the cold gas jet system ,
shall be: i

Roll Greater than 4.00 inch-pounds
Pitch - Greater than 4.25 inch-pounds
Yaw « Greater than 7.00 inch-pounds

: .
4.3.4 Attitude Maneuver Capability of Cold Gas Jet System

Listed below are those maneuvers considered to be a
requirement for a standard luner mission. The gas-let attitude control sys-
tem must have the necessary propellant to compléi: *hese maneuvers with a 3¢
probability. In addition, the gas jJjet attitude control system must have
approximately & 100 ‘percent safety factor ‘to take care of non.standard
conditions. ’

a) Rate mode : 30 minutes

(ﬁ b) Rate absorption : 6 deg/sec
. c) Optical mode : 64 hours
d) Inertisl mode : 2 hours

e) Sup acquisition : 1 maneuver

F T e et T PR

f) Star Acquisition : 1 meneuver

g) Roll : 6 maneuvers

N

h) Yaw (or pitch) : 5 maneuvers

1) Star verification : L maneuvers

b.3.5 Attitude Mansuver Ra With Vernie ne Contro
BL -

; At least 5.5 deg/ses in pitch and yaw amee,

St e
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4,3.6 Attitude Control Dynamic Response

4.3.6.1 Start Up Trensients

Attitud= transients dus to vernier engine ignition shall
be reduced to a level whereéin the accuracy requirements of L.3.1.4 can be
met within 1 sec after engine ignition.

4.4k Thrust Control

Vernier engine thrust is controlled by several independent refer-
ence sources as descrived in the following modes of operation:

4.h.1 Midcourse Velocity Correction

In this mode, the vernier engine thrust ;hall be
servoed to provide a nominal fixed vehicle acceleration of 3.22 ¥0.04 ft/sec?
for a radio commanded time interval variable from zero to 51.0 seconds.

k.2 Main Retro Phase

In this mode, the average vernier thrust shall br
maintained at a constant level by the th—ist control system while individual
engines sre differentially throttled dy .ne attitude control system to counter-
act main retro thrust offset moments. Average total vernier thrugt shall be
radio ccammandable to one of two values: 200 pounds *10 percentl2) or 150
pounds $30 percent(2). When ‘he 150 pound thrust level is commanded, severe
attltude control commands tc individual engines may cause one or more engines
to saturate and thus raise the average thrust lev:l above 150 pounds..

h.h.3 Main Retro Separation

This mode begins at the 3.5g acceleration level during
main retro thrust decay (see Section 3.9) and ends 2 seconds after the retro
separation bolts have been exploded. Tb facilitate clean separation of the

main retro from the S/C, average totté vernier thrust shall be maintained at a
ainimum constant level of 280 pounds )

<
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L.L.L Vernier Descent Phase

i ¢ 2se {e divaded {nt» three m~des of vernier
engine thrust conirol. They are: (&) acceleration contr-l, {(b) veiocity
control bty range reference, an? (:) constant velocity control. Listed in
order below are the specif 1ons ~overing these modes of control:

icat

L.L.4,1  aeeeleration Control

Pollowing the main revro separation mnde ird prior
to altitude reiiable operate signais, the vernier engine thrust shall be
SErvVoeu O Ma.acdtl. 8 . .olant —nsust Lo owass ratic of L.AT g D01 ft/secs,
The minimum S5,C weigi:t during iris interval shall be as specified in 4.1.2.7.

L.4,4.2 Range Reference Veloci.; Controi

In this mode, the §/C will be commanded vc follow a four
segment z-axis velocity versus slant range descent trajectory. The segment
end points (listed bglow) fall near a constant thrust to mass ratio descent
trajectory. Wwhen the steady state {s reached on the first segment, the error
between the commaydsd velocity and the measured velocity shall te less than
2 feet per secor:i2),

When the S/C is above the segmented trajectory and the
velocity control is saturated, the S/C thrust to mass ratio shall ta»
as specified in paragraph L.4.4.1. When the S/C is below the segmented trajec-
tory and the velocity control is saturated, the actual S/C thrust to mass
retio shall be 12.51 z 0,19 ft/sec™

It should be aasumed for the purpose of meeting this
specification that: (a) the §/C thrust axis will became aligned to the
velocity vector prior to making contact with the segmented trajectory, (b)
sensor limitations are not exceeded, and (c) the S/C maximum weight at the
time of intercept with the command trajectory 1s as specified in 4.1.2.8.

SEGMENT END POINTS

Upper End

| Lower End
Range Veloc{ty Range Velocity
Segment (Ft) (Ft/Sec) 230 (re) (Ft/sec) 230
1 v O O 0.5 327 58 t 24
2 327 s8 t 24 1,050 108 + 24
3 950 W02 ¢ % 13,160 . 390 t 2%
b 13,160 390 t % k5,200 750 ¢ 2%
—
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L.L.4,3  Constant Velocity Conmtrol

* See 3.1G.1.5 The minimum weight during this mode is as
specified in L4.1.2.4.

' L.5 Optical Sensors

The flight control sensor group includes an acquisition

! sun sensor, & primary sun sensor, and a star (Canopus) sensor. The acquisition
sun SeLsor a..usGb suff.cient attitude control accuracy to permit sun acqui-
gition by the primary sun sensor. The primary sun sensor and the star sensor
provide accurate attitude reference information both during coast phase and for
initiation of attitude maneuvers. In addition, a secondary sun sensor, located
on the solar panel, is used after lunar landing for positioning the solar panel
during the lunar day; it may also be used before lunar landing as a back-up for

, the functions of the acguisition sun sensor. .

4L,5.1 Primary Sun Sensor

4.5.1.1 Field-of-View

The primary sun sensor field-of-view shall insure automatic
( sun acquisition after initial positioning with the accuracy afforded by uslig the
acquisition sun sensor. In sddition, the primary sun sensor field of view shall
be such that lock-on and the required tracking accuracy can be maintained with
the planar array in either its coast phase position or its terminal descent
position.

k.5.1.2 Lock-on Signal

The primary sun sensor lgull provide a signal whenever the :
sun is within its usable field-of-view.

4.5.1.3  ZIrscking Accurecy /

. When locked on and tracking the sun, the error signal
accuiacy shall be such that the over-all attitude control accuracy of 4.3.1.1
can be met, ‘ .

4.5.1.4  Allgopent

The alignment acouracy of the primary sun sensor on the
sensor group support structure shall be such that the over-all attitude control
accurasy of 4.3,1.1 cen be met.

0 | o e e e ""_-_'_;f:f; .
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k5.2 Secondary Sup Jensor
L.5.2.1 Field-of-

The secondary sun sensor field-of-view shall be at least
one hemisphere.

Lk.5.2.2. Accuracy

The secondary sun sensor shall be capable of providing an
output which indicates, after landing, when the true S/C-sun vector is within
20.75 degree(a) of the secondary sun sensor boresight axis. (This accurscy is
more than slesgist: for ' se as a sun acquisition back-up tefore lunar landing.)

4.5.3 Acguieition Sun Sensor
4.5.3.1 Field-of-View

\

. The acquisition sun sensor shall provide a clear, fan-
shaped field-cf-view, fixed in spacecraft coordinates and centered on the -X

_axis, covering at least 3° from the X, Z plane over an angular region of

$90° in the X,Z plane.

%.,5.3.2 OQutput

. . The acquisition sun sensor shall provide an on-off
switchiug signal whose "on'” state indicates correcily the presence of the sun
within its fleld-of-view. This signal is used for those flight control attitude
maneuvers required to permit sun acquisition by the primary sun sensor. The
acquisition sun sensor output memory latch is telemetered.

k.5.3.3  Alignment

The installation tolerance between the acquisition sun
sensor and the FCSG mounting interface shall be such that each of the three
acquisition sun sensor axes (pitch, yav and roll) shall be aligned within 0.5
degrees of the corresponding axes of the primary sun sensor. /////K

L]

4.5.4  Capopus Sensor
h.5.k.1 Fileld-of-View :

The instantaneous angulrr field-of-view of the output
signal axis (roll axis) shall be approximatel - 4.0 degrees. Field-of-view in
the yaw (XZ) plane shall be enough (>5 degree:.) to make adjustments of the
sensor unnecessary over an eightsday lauich period.
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b.5.4.2  Posdtion of the Field-of-Viey

The center of the field-of-viev shall de positionabdle,
prior to launcn in the plane formed by the vehicle roll and pitch axes. In
this plane, the angle from the roll axis to the center of the field-of-view
shall be ldd?lSlble to any angle between 75° and 105° with an accuracy of
0.5 degree \2),

P

b.5.4.3 Lock-on Signal

The sensor shall provide a constant output (separate from
the contiol signa., wien Zanopus is within the fseld-of-view.

4.5.b.4  Discrimipatiop

4.5.4.4.1 Mode T

The sensor shall provide upper and lower intensity
dlscrimination levels such that Canopus will be detected and locked onto while
all other celestial bodies within view are rejected,

L.5.4.4,2 Mode II

The sensor shall provide intensity sensitivity such that a
_ complete star map of stars down to 2.8 megnitudes below Canopus (54 response)
) can be made of those celestial bodies passing in view as the vehicle is rolled
( 360°. Additional sensitivity is strongly desired.

k.5.4.5  Agcyracy

The Canopus error signal null accuracy and scale factor
shall be such- that the over-all attitude control accuracy of 4.3.1.2 can be

b.5.4.6  Allppent / |

The alignment accuracy of the Canopus sensor on the
SENSOY group support structure shall de such that the over-all attitude control
accuracy of 4.3.1.2 can be met. ‘

met.




2_ ‘ L.6 Lunar Senscrs

v

The Surveyor luner sensors include the Altitude Marking Radar

(AMR) end the Radar Altimeter and Doppler Velocity Sensor (RADVS). For
purposes of the design and evaluation of these radars, it will be assumed
that the radar reflecting properties of the moon are as described in 4.6.1,

below.

L.6.1 Lunar Radar Reflectivity Model

For design, pre-flight evaluation, and post-mission
analysis ot the AMh and RADVS, the lunar radar reflectivity model shall
_be the revised Muhleman model In the form describeq herein.

L.6.1.1 Definition

That defirnition fundt 1tal to rader analypis is the
ratio of back-scattered power density to toival incident power for a stated
. reflector. For an increment dA of srea on the lunar surface, this ratio. is

. defined herein es:
2

i —_— 7

dPy 4 : .

Hoem,

, where .
(f dPy = total power (watts) incident on dA.

dP; = power spatial density (watts per steradian)
back-scattered by 3dA.

R R L R

84 = angle of incidence (off lunar vertical) of that .
incremental bundle of rays (by geometrical optics)
containing dP; and intercepted by dA.

YAkl

defined further in 4.6.1.2

%:‘;
i
5
:

n = rader reflectivity factor (dimensionless), as ////)

y .F(8y)= :ngle-ﬁependent function, as defined further in
. 6.1,

4.6.1.2 Total Hemisphere Aversge Radar Cross-Section ’

The factor 7 is itself defined as the ratio of power
back-acattered dy the actual surface Xo that pover wvhich would de Ke
scattered if the surface scattering properties wers lossless and iectropic.

'
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{‘ This definition is such that the factor N is the ratio
QJ; of the commonly defined effective radar cross-section of the total lunar hemi-
' sphere (as viewed from Earth) to the total lunar physical cross-section (area
of the projected planar disc). :

All currently available informastion indicates that the
present best estimate of this factor is:

n = 0.075
This value shal)l be egssumed as the nominal value.

L.6.1.3 Local Lunar Terrain Variation

The value N = 0.075 Just defined shall alsc be inter-
preted as the present best estimate of the average lunar reflective properties
to be viewed by Surveyor radar sensors during approach and descent to the lunar
surface. Because of the radar resolution involved, lunar surface structure is
expected to cause sigpal strengths varying both above and below that predicted
by the average value. Present best estimates of such variations (including the
nov small uncertainty in the average) produce the fo© iowing requirements:

4.6.1.3.1 Upward variations as large as +6 db (required), +10 db
(desired) should be allowed for.

» 4.6.1.3.2 Downward variatione as large as -6 db (required), -10 db
(j (desired) should be allowed for. :

4.6.1.4  Angle-Dependent Function F( 8 ) '

3
.l;g
i
]
%

The function F( 84) 1s defined as:
F(9y) =K (sin8y +acos 84)3

vhere K and aare both wavelength dependent, and F( @ 4) has & meximuws value of
- (KA3) at O @ O (vertical).

4.6.1.5 Acceptable Parametric Values

Parameter values yﬁich are acceptable, without further
Justificstion, for purposes required herein sret

g
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Parameter AR RADVS
a 0.36 0.39
(kA 3) +10.70 4b +10.15 ab
n (K/a3) : nominal - 0.55 db - 1.10 db
required min. - 6.55 db - 7.10 ab
desired min. -10.55 @b «11.10 4b

These values are based upon the present naminal operating
frequencies of 9.3 gcps (AMR), 12.9 geps (RA), and 13.3 geps

(Dvs).
L.6.2 Altitude Marking Redar sz
4.6.2.1 Operating Limits
(‘ ' The AMR shall operate as specified herein for the

following conditions:

4.6.2.1.1 Vehicle attitude relative to lunar vertical not
f to exceed 25°.
L]
’ L.6.2.1.2 Vehicle velocity relative to lunar surface, in
‘ direction of vehicle roll axis, to be between 8,000 and 8,850 f£t/sec.

| ' 4.6.2.1.3 Vehicle acceleration, in direction of vehicle roll
‘ axis, not to exceed 6 ft/sec2. .

L.6.2.2 Altitude Merking Signal

Within the opersting limits in b.6.2.1, an oneof?
svitohing signal (the "Altitude Marking Signal") shall be genersted, and
shell meet the following requirements:
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' 4h.6.2.2.1 This s.gnal is used by the Flight Control Subsystem to
! initiate the terminal des:-ent phase. The time delay between this signal and
vernier engine ignition shail be commanded trom the ground, and will vary as a
function of the approach angle, approach velocity, and midcourse maneuver.

oy

. 4.6.2.2.2 A correction term will Le included in the time delay in
. 4.6,2,2.1 to compensate for the difference allowed by 4.6.2.2.5 between the
desired marking range and the nominal marking range.

4.6.2.2.3 The desired marking range shall be 60 miles (316,800 feet).

4.6.2.2.4 The nominal marking range shall be the predicted average
marking range, defined as the arithmetic mean of those two range values at which
the cumulative probability of marking is predicted to be 0.001 and 0.999,
respectively, as a functioh of approach angle.

4.6.2,2.5 The nominel marking range as defined in 4.6.2,2.4 shall
be within 1.0 mile (5,280 feet) of the desired marking range specified in
4.6.2.2.3, for all approach angles required by 4.6.2.1.

4.6.2.2.6' Random deviations from the nominal marking range as
defined in 4.6.2.2.4 shall not exc?eg $0.3 mile (1,584 feet)(2) for a vertical
approach or 20.5 mile (2,640 feet)\2) for a 25° approach.

4.6.,2.2.7 This signal shall not be produced prior to receipt of
the AMR ENABLE command specifi~d in 4.6.2.3.2. :

( . ) 4.6.2.3 AMR_Ground Commapds s ;

| 4.6.2.3.1 An AMR POWER ON command shall be transmitted 280 t 10
oeconda(z prior to the predicted time of the altitude marking signal.

4.6.2.3,2 An AMR ENABLE command shall be transmitted 100 % 10
.’ seconds (2) prior to the predicted time of the altitude marking signal.

hels s melaaae . e

Ridme o

4.6.2.3.3 These rcguirements are based upon an aséumed absolute .
accuracy of £10 seconds(2) in the predicted time of the altitude marking signal, - =
based upon ground tracking data and the nominal marking range.

"

4,6.2.b  False Alam and Marking Provabilities . 5

: The probability of obtaining a false altitude marking
K signal or of not obtaining a mark signal at all, neglecting equipment failure,

' shall not exceed 0,002 during the time from AMR ENABLE until a slant range ten

' wiles (52,800 teoti less than the nominal marking range is reached (a maximum
time of 127 seconds). For the required equipment reliability of '0.9995 (eee

\ 2.3°h;;;;n s the resulting required oversll probability of proper performance
4 . . * ' .
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L.6.2.5 Aligrmert Accuracy

oy

As specified in 4.1.3.11 of this specification.

L.6.3 Loppler Velocity Senscr (DVS)

L.6.3.1 . Operating lLimits

The CVS snall operate as specified hereins for the
£oilowing conditions:

4.6.3.1.1 Vehicle roll (2) axis relative to lunar vert.:al not to
exceed 45°. Attitude at mcquisition not to exceed 257.

L.6.3.1.2 Maeximum required slant range toc lunar surface,
aicng vehicle roll axis, not to exceed 50,000 feet,

4.6.3.1.3 Minimum required slant range to lunar surface,
along vehicle roll axis, is that velue sufficient to insure DVS operation
through the RA generation of the second Range Mark Signal specified in
L.6.4.5,

(: ’ . 4.6.3.1.4 Vehicle static accelerations slong the vshicle roll
axis not to exceed:

L.6.3.1.4.1 Before main retro burnout: 380 ft/ltca

L.6.3.1.4.2 After main retro burnout: 12 ft/eoc2

4.6.3.1.5 The DVS shall cperate as required herein in the

presence of the separating main retro engine.
7

4.6.3.1.6 Magnitude of vehicle velocity vector is vithin the limits:
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. L.6.3.1.6.1 Before main retro burnout:
i (descending).

+100 to +3,000 ft/-sec

) L.6.3.1.6.2 After main retrc burnout: +1 to.+700 ft/sec
(descending) for SC-1 and SC-2; +1 to +850 ft/sec (descending), for 8C-3

through SC-7, inclusive,

L.6.3.1.7 The maximum angle between the vehicle roll axis and
the vehicle velocity vector at time of DVS acquisition is defined in the
following way. Each DVS bteam shall be capable of acquiring and tracising
{with adequate margin against acquisition of a false signal) a legitimate
lunar reflected signal arising from operation within the operating limivs
herein specified, prcvided further that the combination of magnitude and
direction of Lhe velocity vector does not produce a component of velocity
along the DVS beam axis less than the fcllowing lower limits:

L.5.3.1.7.1 Before main retro burnout: +100 ft/sec.

4.6.3.1.7.2 After main retro burnout: The greater of
+29.6 ft/sec or a straight line through +38 ft/sec at 40,000 feet and
+62 ft/sec at 50,000 feet, both ranges being slant ranges to the lunar

surface, along the vehicle rolli axis.

( ' L.6.3.1.8° Each DV3 beam shall alsoc be capable of tracking a
legitimate lunar reflected signal, once acquired, producing a velocity
component along the axis of that beam as low ar +1 ft/sec, provided that
signal has adequate power level. Adequate power level shall be no more
than required by a reasonable and prudent design capable of meeting the.

acquisition requirements in 4.6.3.1.7.

-

L.6.3.2 Outputs

4.6.3.2.1 The DVS shall furnish appropriately scaled DC anslog

* output volteges which respectively represent, consistent with other require-’

ments herein, those three components of vehicle velocity relative to the
lunar surface defined by .the orthogonal x, y, z axes of the vehicle, wvhere
the vehicle roll axic in the normally descending direction is the +3 axis.

™I
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4.6.3.2.1.1 These Spacecraft velocity outputs shall be
lerived within the DVS from the separate velocity components normally
measured by the several DVS beams.

oy

4.6.3.2.1.2 The separate velocity component indicated by
any DVS beam which has nct acquired an apparently legitimate lunar
reflected signal shall be zero. (Associasted error in the spacecraft
velocity components thus affected is recognized).

L.6.3.2.2 An on-off switching signsl, indicating "Reliable
Operation” of the DVS (RODVS), shall be supplied. It shall be in the "on"
condition when and only when ejither all DVS beams are tracking appr.ently
legitimate lupar reflected signals or the CRO signal specified in k.5.3.2.3
is "on." When this signal exists for the former reason, DVS operation is
considered "normel”; when this signal exists for the latter reason, DVS
operation is considered to be CRD. (Note that these two conditions are
mutuslly exclusive). This signal is used by the Flight Control Subsystem
to switch vehicle attitude control sensing to the DVB outputs.

4.6.3.2.7 An on-off switching signal, indicating "Conditional
Reliable Operation” of thas DVS (CRO), shall be supplied. It shall be in
the "on" condition when and cnly when at least one but not all DVS beams
( have acquired and/or are tracking apparently legitimete lunar reflected
signals, provided further thai:

4.6.3.2.3.1 Its "on" condition skall .e inhibited until
4.0 seconds after main retro burrout (see 4.6.3.7 regarding scquisition
tm- ‘

b.6.3.2.3.2 Its "on" condition shall be inhibited for the
remainder of the mission once sll DVS beams have been trecking apparently
legitimate lunar reflected signals for at least 1.0 second.

L4

b.6.3.2.4 Separate on-off svitching signals shall be
- provided for inst-umentation to indicate the search or tracking status
of each DVS beanm.

u . N ' T
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4.6.3.2.5 Junar Reflectivity Signals shall be available as
specified in 4.6.3.13, below.

it g

: h.6.3.% teouracy

In rormel LVS operation (es defined in 4.6.3.2.2), and
under lunar apprcach conditions, the accuracies of the analog outputs required
by 4.6.2.2.1 shall meet ‘he “sllowing reguirements:

L.5.3.3.1 Fach ~f rne Vx &nd Vy outputs shall be directly and
lineariy proportional tc it: ussoclated true velocity component, within the

sccuracy speciiied ir 4..¢.3.5.5, wherever that true value lies within the region

£330 ft/sec. The V. output shall be directly and linearly proportional to its
ussociated true velocity componeni, within the accuracy specified in 4.0.3.3.3,
whenever that true vzlue 1i 3 within the region: +1 to +70C ft/sec, for SC-1
and SC-2, ara +1 to +35C rt/sec, for SC-3 through SC-7 inclusive.

L.6.3.3.2 Wherever any spacecraft true velocity component lies
outside the linear region spe-ified in 4.6.3.3.1,but is otherwise within the
region specified in 4.6.2...(,, the corresponding DVS output shall have the
correct polarity and a magnitude nu less than that corresponding *o the

( maximum linear value.
. [ ]

4.6.3.3.3 In the presence of steady uinchanging velocities
within the linear regicn specified in 4.£.3.3.1, the DC or average value of
each output when averaged u/er any ten-second interval commencing no earlier
than 0.5 seccnd after RODVG, shall deviate from the true value by no more
than plus or minus the root-sum-square(2) of one ft/sec and two percent
of total velocity, for velocities not exceeding +700 ft/sec, or the root-sum-
square (2) of one ft/sec and three percent of total velocity, for velocities
between +700 and +850 7t /sec. ¢

4.6.3.4 Noise and Ripple

In normal DVS operation (as defined in 4.6.3.2.2), and
under lunar approach conditions, and when the vehicle roll axis is within five
degrees of alignment with the vehicle total velocity vector, and for true
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velocities within the linear regions specified in 4.6.3.3.1, and after pauaing
each velocity output required by 4.6.3.2.1 through the proper Spacecraft (s/c
response simulation filter as described below, the instantaneous value over any

. sixty-second interval in which the true value 1is essentially constant shall not

deviate from ‘he DC value over that interval by more than the following values
(which, as "= ined, have been shown as most nearly representative of three-
sigma excursions:

4.6.3.4.1 Fach of Vx and Vy (when V; is 6.5 ft/sec or greater):
0.250 ft/sec, or (0.083WVy) ft/sec, whichever is larger, after a S/C response
simulation filter having a transfer function of: (1)(2.6s + 1)-1(0.1ls + 1)-2.
(For test signal inputs which are essentially single-line spectra, rather than
real or simulated doppler spectra, the 0.250 ft/sec limit shall apply at all
velocity values being simulated.)

4.6.3.4.2 For V; (without further restriction on ita true value):
0.600 ft/sec, or (0.11k NV;) ft/sec, whichever is larger, after a S/C response
simulation filter having a transfer function of: (1)(0.08s +1)-2. ({For test
signal inputs which are essentially single-line spectra, rather than real or
simulated doppler spectra, the 0.500.ft/sec limit shall apply at all velocity
values being simulated.) o

4.6.3.4.3 The above shall not preclude the use of S/C response
simulation filters having frequency-insensitive gain factors larger than unity,
for ease of test instrumentation. In such cases, measured output voltages shall
be interpreted by similarly increased electrical scale factors for comparison
with the above requirements.

4.6.3.5 Warmup Time .

. The DVS warmup time shall not exceed thirty (30) seconds,
from application of primary power to delivery of the RODVS signal under suitable
operational conditions.

.

4.6.3.6 The DVS shall be capable, after warmup, of all operaticns
required herein until at least k.5 minutes after application of primary power.
Until at least 6.5 minutes after application of primary power, the DVS shall not
cause catastrophic fallure of any other vehicle equipment because of thermal
problems within the DVS. .

4.6.3.7 Acquisition

After equipment warmup, the DVS acquisition time after -
the conditions specified in 4.6.3.1 are simultanecusly met shall not exceed
2.0 seconds, with an acquisitiom probability of at lesst 0.95, on sny VS
beam meeting those conditions. This requirement way be applied separately to
operation before main xetro burnout amd vo

R UV : . I SR
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operaticn after main retrc burnout; i.e., a reacquisition time is allowed
after main retro burnout. (Note that CRO is required by 4.6.3.2.3.1 to be
inhibited until L.C seconds after main retro burnout; this allows two
normal acquisition times for rormal operation before CRO becomes effective).

L.6.3.5 Resypurse Time

No* to exceed 0.1 second (63%, no overshoot).

4.6.3.9 Aligrment Accuracy

The VS antenna axec shall be aligned relative to the
antenna boresight axes within 0.1 degree 1). The overall alignment accuracy
shall be as specified in &4...3.12 of this specificstion.

4.6.3.10  Lunar Reflectivity Signals

Appropriate digital and/or analog signals from each of
the DVS receivers shall be made available for instrumentation tc prcvide
measures of received sigrnal strengths for lunar reflectivity analyses, and
shall meet the rollowing requirements:

4.6.3.10.1 The conversion from the instrumented signal to the
appropriate DVS beam sigra} strength shall be known (after calibration, if
recessary) to within +2 4pvi0/,

4.6.3.10.2 This conversion shall be available over a total

dynamic renge of input signal strength, per DVS beam, of at least 80 db
(desired), 60 db {required).

s L.6.4 Radar Altimeter (RA)

L.6.4.1 Operating Limits ) ///

The RA shall operate as required herein for the
following conditions:

L,6.4.1.1 Vehicle roll axis attitude relstive to lunar vertical
not to exceed 45°. Attitude at acquisition not to exceed 25°.

4L.6.4.1.2 Maximum required slant range to lunar surface, along .,
vehicle roll axis, not to exceed 40,000 feet.

v : L
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, 4.6.4.2.3 Minimum required slant range to lunar surface, along
‘vehicle roll axis, is that value sufficient to insure RA operation through
the generation of the second Rarge Mark Signal specified in L.6.4.5. (For
design purposes, RA acquisitinn may be presumed to have occurred before the
slant range has decreased to 2,000 feet before the scale factor change, or
to 100 feet after the scale factor change specified in 4.6.4.2.1).

L.6.k.1.4 Notwithstanding any other provisions herein, the RA
is not required to operate until after main retro burnout has occurred.

4.6.4.1.5 vTehicle zs’tic acceleratior along the vehicle roll
axis i® not to exceed 12 ft/sec\c/,

4.6.4.1.6 The RA shall operate as required herein in the
presence of the separating main retro engine.

L.6.4.1.7 Vehicle roll axis component of velocity at time of
RA acquisition: From +1 f+/sec (descending) to the following upper limits:

4.6.4.1.7.1 For SC-1, -2: A straight line between +560 ft/sec
(descending) st 40,000 feet slant range along the vehicle roll axis and
+700 ft/sec (descending) at 37,750 feet slant ra along the vehicle roll
axis, plus a constant upprer limit of +700 ft/secﬂfzescending) for slant
ranges along the vehicle roll axis less than 37,750 feet.

° 4.6.4.1.7.2 For SC-3, -4: 4850 ft/sec {descending).

4.6.4.1.8 Maximum angle between vehicle roll axis and direction
of vehicle total velccity vector is mot to amceed 55°,

L.6.4.2 Outputs

4.6.4.2.1 The RA shall furnish an appropriately scaled DC analog
output voltage vhich represents, consistent with other requirements herein,
-the slant range to the lunar surface, along fhe vehicle roll axis. To provide
the required dynamic range and accuracy, the scale factor of this analog output
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i shall be switched uporn generation of the first Range Mark Signal specified
‘ in L.£.4.5. When the RA is operating reliably (as defined in 4.6.4.2.2) and
the true range is greater than the maximum required range (or ssturation range),
the range analog output shell indicate a range no less than the maximum
required range.

L.6.b.2.2 An on-cff switching signal, indicating "Relisble.
Operaticn” of the RA (RORA), shall be supplied. It shall be in the "on"
conditicn when and onliy wher the RA tracker is tracking an apparently
legitimate lunar reflected signal and those DVS beams required to obtain
proper V7, output from the LVS are alsoc tracking spparently legitimate lunar
reflected signals. This signal is used by the Flight Control Subsystem to
switch thrust contrcl sensing tc the Ry, V, outputs of the RADVS.

L.6.4.2.5 An on-off switching signal shall be provided for
instrumentaticn to indicate the search or tracking status of the RA beam

tracker.
L.6.4.2.4 Range Mark Signals, as specified in 4.6.L.5.
4L.6.4.2.5 Lunar Reflectivity Signal(s), as specified in 4.6.L.11.
£ \
. ¥ 4.6.4.3  Accuracy

4L.6.4.3.1 Ir reliable operation of the RA as defined in
L.6.4.2.2, and under lunar approach conditions, but assuming a steady and
unchanging range, the IC or average value of the output required by 4.6.4.2.1
when averaged over any ten-second interval commencing no earlier than
0.5 second after RORA, shall deviate from the true valus (messured along the
vehicle rcll axis from the boresight plane - that plans, normal to that axis,
vhich contains the two lower.boresight balls on the RA antenna) by no more ,
than plus or minus the following amounts: //,/

4.6.4.3.1.1 The roct-sum-square{2) of 30 feet and five percent
of the true reange, for ranges greater than 1,000 feet.

L.6.k.3.1.2 The root-oun-lqunro(e) of four feet and five percent
of the true range, for ranges less than 1,000 feet. -
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4.,6.4,3.2 If the RA tracker is tracking an apparently legitimate
lungr reflected signal but the other conditions specified in 4.6.4.2.2 are not
met (RORA is "off"), the above accuracy may be exceeded to that degree
corresponding with the error in the V, output of the DVS.

P

L.6.4,4 Noise and Ripple .

In reliable operation of the RA (as defined in 4.6.4.2.2),
and under lunar approach conditions, and when the vehicle roll axis is within
five degrees of alignment with the vehicle total velocity vector, and when the
magnitude of the vehicle velocity does not exceed the greater of 10.5 ft/sec or
(4WR' ) ft/sec (where Rg is the true slant range in feet along the vehicle roll
axis)® and after passing the output required by 4.6.4.2.1 through a S/C response
simulation filter having a transfer function of (1)(0.08s + 1)"2, the instan-
taneous value over any sixty-second interval in which the true value s
essentially constant shall not deviate from the DC value over that interval by
more than the following values (which, as defined, have been shown as most
nearly representative of three-sigma excursions):

4,6.4.%.1 Either 5C.0 feet, or 1.264\Rgy feet, whichever 1is larger, |
prior to occurrence of the first range mark signal specified in 4,6.4.5, (For
test signal inputs which are essentially single-line spectra, rather than real
or simulated spectra, the 50.0 feet limit shall apply at all range/velocity
values being simulated.)

4,6.4.4.2. E{ther 5.0 feet, or p.heh\fhs feet, whichever is larger,
after occurrence of the first range mark signal specified in 4.6.4.5 but prior to
occurrence of the second range mark signal specified in 4.6.4.5! (Fer test
(’ signal inputs which are essentially single-line spectra, rather than real or
simalated spectra, the 5.0 feet 1imit shall apply at all range/velocity values
teing simulated.)

4,6.4.4,3 The above shall not preclude the use of a S/C response
simulation filter having a frequency-insensitive gain factor larger than unity,
for ease of test instrumentation. In such cases, messured cutput voltages shall
be interpreted by similarly increased electrical scele factors for comparison
with the above requirements.

4.6.4.5  Bapge Mark Signals //?/

On-off switching signals shall be generated from the
analog range output required by 4.6.4.2.1. Bach shall be turned "on" at the
ranges, under the conditions, and with the accurscies specified below. Once

on”, each signal shall remain on as long as the primary powver remains within
the operating region, or until expiration of the required operating time. These
signals shall appear on separate outputs,

4,6.4.5.1 The first range mark signal shall be .cnnrtt’d when the
analog renge output is the voltage equivalent of 1,000 t 50 feet {2/, provided
that the vehicle velocity lies within the region 100 % 25 ft/sec.
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4.6.4,5.2 The second range mark signal shall be generated when the

) true slant range to the lunar surface along the vehicle roll axis is 14 % &4 feet(e),
?i provided that the vehicle velocity lies within the region 5.0 £ 3.0 ft/sec.
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L.,6.4,5.3 For vehicle velocities outside the regions specified-
above, the accuracy of each range mark signal shall be consistent with a
reasonable and prudent design capable of meeting the above requirements.

L,6.u.6 Warmu e 7

The RA warmup time shall not exceed thirty (30) seconds,
from application of primary power to delivery of the RORA signal under suitable
operational conditions.

“h,6.4.7 Operating Time

The RA shall be capable, after warmup, of all operations
required herein until at least 4,5 minutes after application of primary power.
Until at least 6.5 minuies after application of primary power, the RA shall not
cause catastrophic failure of any other vehicle equipment because of thermal

problems within the RA.
4.6.4.8  Acquisitiop

After equipment warmup, and after main retro burnout,
the RA beam acquisition time after the conditions of range, velocity, and

attitude specified in 4.6,.4,1 are simultaneously met shall not exceed 2.2
seconds for one sweep, or 4.0 seconds for two sweeps, with an acquisitio

prodability of at least 0.9% per sweep.

4.6.4.9  Respopse Time

Not to exceed 0.1 second (63%, no overshoot).

4.6.4.10  Alignment ASuracy

The antenna axis 11l be aligned relative to the
antenna boresight axis within 0.1 degree(l). The overall alignment accuracy
shall be as specified in 4.1.3.12 of this specification. .

4.6.4.10  Lugar Refhectivity Sizaal .

RPN

Approjriate digital and/or analog signals from the
R receiver shall be made available for instrumentation to provide s measurs
of received signal strength for lunar reflectivity analyses. Tnis signal(s) - f/
shall conform with the charscteristice specified in 4,6,3.10 for the
analogous DVS signals,




.7 Telecosmunications

The telecommunications system shall provide a highly reliable

prIb

tvo-vay cormunizations link between the spacecraft sand the DSIF stations
during the entire mission. The design of the telecommunications subsystem

shall be compatible ‘with the DSIF as defined in the DSIF Requirements

! Doc..ment .

L.7.1 Required Functions

The system shall be capable of performing
specific functions:

the folloving

k.7.1.1 Radio reception, demodulation, modulation, and trans-
mission necessary for doppler frequency and angle tracking by the DSIF
during the transit phase from injection until just prior to the terminal

nmaneuver.

4,7.1.2 Detection and decoding of radio commands from stations
of the DSIF as required to perform the midcourse maneuvers, the terminal
maneuvers, scientific instrument conmtrol, power management, telemetry data
selection, telecommunication subsystem controls and other ground controlled

functions necessary to the mission.

L.7.1.3 Processing of all engineering and scientific data
signals into a form suitable for trsnsmission via the §/C tramsmitters.

N

descent and touchdown) and lunar operations phaeces.

4.7.1.4 Telemetering of properly processed engineering and
scientific data to stations of the DSIF during both transit (including

4.7.1.5 Telemetering of television picture information to the

.D8IF stations. '

bL.7.1.6 Transmission of a PM signal with phase stability such
that the DSIF receiver shall not have a phase error, due to unwanted phase
modulation and noise, in the carrier tracking loop in excess of 90.0° gero

to pesk 30.
: SURVEYOR SYSTEM ONAL REQUIREMENTS 224510
| HUONES Alam‘ COMPANY - -
. SPAGE SYSTEMS DIVISION rom. 88 @177 s
..“ . . o —— N i) — . ' —————
%"—-"

Fe-a =



L.7.2 Transmitters

{ ’
2 There shall be two transmitters on the S/C for reliab.lity
considerations. Either transmitter shell be capable of being commanded cn,
one at a time, in either 2 high power or a low power mode. The power output
shall be no less than 39.6 dbm in high power mode &nd no less than 19.1 dbm
in low power mode.
L.7.2.1 Output Connecticns
Either transmitter can be connected, by command, to any
one of the three telecommunications system antennas.
L.7.2.2 Modulation Modes
. Each transmitter shall be capavdle of being modulated in
any one of three modes: narrow band phase modulation, narrow band frequency
modulation,or wide band frequency modulation.
L,7.2.3 Nominal Center Frequency
The nominal center frequency for all transmitters
. (except when operating in the transponder mode) shell be same specific
frequency such that the actual frequency throughout the oparating life
shall fall within the band of 2290 me to 2300 me.
L,7.2.4 Center'Frequency Stability - Long Tera
(» L,7.2.4.1 Narrov Band Phase Modulation Mode

The long term frequency stability shall be such that
the transmitter frequency throughout its operating life and over its cpersting
temperature runge shall not deviate. from the nominal freguency by more than
20 ppm (required) or 5 ppm (desired). The frequency temperature coefficient
shall be known prior to launch to within £ 0.1 pp/y!.

4,7.2.4.2 Narrovw Band Frequency Modulaticn Node /

Same as narrov dand PN mode; pars 4.7.2.k.1 sbove.
L,7.2.4.3 Wide Band Frequency Modulation Node .

The long term frequency stability shall be such that
the transmitter frequency throughout its operating life and over itve ,
operating temperature range shall not deviate from the neminal frequency
sy more then § 60 ppm.

SRp——
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L.7.2.5 Center Frequency Stability - Short Term

4.7.2.5.1 Narrow Band Phase Modulation Mode,
No Transponder Operation

During zero thrust phases the rhase jitter of the
urmodulated carrier (exciuding antenna effect) shall be such as to cause
not more than 36.0° zero to peak (30) phase ¢-==r in a noise free phase
coherent receiver, having a loop noise bandwidth of 30 cps. .

During retro burning and verunier engine thrusting
phase, the phase jitter, as defined above, shall be less than 22.5° zero
to peak (3g) in & noise free, phase coherent receitver, having a loop noise
bandwidth of 425 cps. )

, During landing shocks, resulting from landing con-
ditions specified in 3.11.2, the phase error measured in a noise free, phase
coherent receiver, having a loop noise bandwidth of 425 cps shall be less
than 30deg 2ero to peak (30).

b.7.2.5.2 Narrow Band Frequency Modulation Mode

Same as 4.7.2.5.1 above plus - when operated in a
20 second on - 4O second off duty cycle, the frequency variation shall
not exceed t 460 cps during an on-off cycle of this= ~n~-<ation.

4.7.2.5.3 Wide Band Frequency Modulation Mode

During non thrusting phases the frequency jitter
. aa7ing frequency components in the band of O to 220 kc shall be less than
( 1 kcps zero to peak, and the frequency drift over any 1 second shall be
: . less than % 4AK cps.

During engine thrusting phases, it shall be an
objective that these same requiresments be met.

4.7.2.6 Modulation Characteristics

L.7.2.6.1 Narrov Band Pbase Modulation Node

This mode is used for the telemetry of the 8/C
engineering and scieutific data whensver carrier phase modulation is

A——
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required (during trensponder operation) or desired, The required character-
istics are as follows:

)

a) Linear dynamic range: 2 2.5 radians

b) Modulation bandwidth: 250 cps to 160 ke
at 1 db points

¢) Modulation linearity: 2 10% of beat
straight line characteristics

4,7.2,6,2 Narrov Band Frequency Mo2ulation Mode

‘ This mode is used for the telematry of the ne ow
band (Bmergency) TV. The required characteristics are as follows:

a) Maximum frequency deviation: % 5 ke

b) Modulation dandwidth: de-¢ to 1,2 ke
within 2 1,0 &b

c) Static frequency deviation linearity: 2 10%
of best streight line value 2ver a peak
. frequency excursion of £ 5 ke

4) Frequency Jitter: The NS ~voltage, messured
, or. a dicoriminator with an inhersat sutput KM
( X 50 db, peak-to-peak/Mi8 and a full scale eutput
‘ of 5 V peak-to~psek shall be $15C av, when
demodulating the quiescent carrier in a 1.% ke
bandwidth, 7his measurement 48 %0 de performad
at & predetection MXR 21k @b,

4,7.2,6,3  VWide Band Frequenay Nodulation Neds

This mode is used for telemetry of the normal IV
end for B/C engineering and scientific data whenever carrier freguency

’
L 4
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i sedulation is desired, The required sharacteristiss are as fellows: . /
Television Xnput .
é .
% . 8) Maximum frequency dsviatiem: % 1,63 me
i b) . Nedulation ude rospmee: des 0 865 he
; within 8 3,0 vith o 23 doerease
mcmyé»um 60 por seveve
(asymprante
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¢) Static frequency deviation linesriiy: * 10%
or better of best straight line value over a
peak trequency excursion of t 1l.,u5 me

d) Frequency jitter: The RMS voltage, measured on a
discriminator with an inherent output SNR z 50 db
peak-io-peak/RMS and a full sc.le output of 5 V
peuk-to-peak shall be = lo mv, when demodulating the
quiescent carrier in a 220 kc bandwidth, or s 2, mv
ir. a 30 kc postdetection bandwidth, This measurement
is to be performed at « p edetection SNR =214 db,

Scientific Input

a) Maximum frequency deviation: * 1,65 mc

b) Modulation amplitude response: 100 cps to 265 ke,
within t 1 db, within -3 at 10 cps, with a
monotonic decrcase beyond 265 k¢ of at least 6 db
per octeve (asymptotic)

c) Static frequency deviation linearity: 210%
or better of best straight line value over a
peak frequency excursion of t 1,65 mc

d) Frequency Jjitter: t1 ke, peak

4.7.3  Receiver

There shall be two receivers on the S/C for reliability
congiderations, Each receiver shall be operating continuously with its omni-
directional antenna,

4,7.3.1 Nominal Center Freguency

. When *he S/C receiver automatic frequency control or
automatic phase control loops are oper, the nominal center frequency of the
receiver shall be some specific frequency such that the actual operating
treq\lx;ncy in all modes of operation shall fall within the band of 2110 mc
to 2120 me,

4,7.3.2 Freguency Stability — Long Term

The long term stability shall be such that the receiver
open loop frequency (no APC or AFC due to no input signal to control on) shall
not vary throughout its operating range and over its operating temperature
fram the nominal center frequency, as described above, by more than 20 ppm,
With both receivers having input signals, the open loop frequency of each of
the receivers in the §/C at any time shall not be different by more than 40 ke.

4,7.3.3 Frequency Stability — Short Term
/7 uo7.303.1 an LOOE MOde

When the receiver is in an open loop frequency control

mode (no AFC or ANC):
“07030302 Closed I-mn Mode
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4L.,7.3.4 Frequency Tuning

In the modes of automatic frequency cantrol, AFC and
APC, the receiver shall be capable of being tuned over a range of at least
%50 kc and470 kc, respectively.

4,7.3.5 Dynamic Range

The receiver shall operate for input signal strengths
that vary over at least 40 db exclusive of spacecraft gain uncertainties.

k,7.3.6 Trensmitter Signal Rejection

The total isolation between the transmitter and the
receiver shall be such’ that any transmitter signale entering the receiver shall
result in no signals falling in the receiver i-f passband having an amplitude

. greater than 20 db below the receiver noise in a bandwidth of 100 cps.

7.4 Antenngs

There are three telecommunications antennas aboard the
spacecraft. Two are "omni-directional" antennas for command reception and
transponder operation, while the third 1s a high gain antenna capable of
providing an effective-radiated-pover sufficient for real-time television
transmission. In case of antenna failur=, an antenna switching function is
included to allow use of alternate antennas for transmisaion.:

L,7.4,1 Omni-directional Antennas

( The gains and mounting of the two antennas shall be such

. that the gain in any direction from the spacecraft, considering both antennas,
will never be less than -10 db for right hand circular polarization. The gain
for the composite pattern of the two antennas for right-hand and left-hand
eircular polarization will never be legs than -7 db except for 2295 mc; at this
frequency, in the upper hémisphere,the gain will never be less than -6 db. The
gain will be greater than -20 db in any direction ’rom any one sntenna over at
least 90% of the total 4w steradians. This requirement will Yv:e considered as
satisfied 1f the omni-directional antennas have been tested and compared with
standard antennas not mounted on the spacecraft.

4.7.4.2  High Gein Antenns ' ' /

The high gain antenna shall provide a directive beanm
vith & 3 db beazwidth no less than 6.8° x 6,8°, MNinimum peak gain shall be .

26.5 av. :
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4,7.4,2.1 Planar Array Boresight Plane

A plane on the plunaf array defined by boresight tooling
markers, This plane is approximately -0.8 from the planar array active face
in the same direction as the rf beam depression described in 4,7.4,2.2 below.

Rl

4,7.4,2,2 R-f Beam Position

) When viewing the planar array with its boresight plane
in a vertical plane and the polar axis hingeline perpendicular to the vertical,
its beam shall be within 10,5 degree of the boresight plane perperdicular in a
horizontal plane, and depressed 6.5 t0.5 degree from the horizontal plane. The
antenna axis shall be known within 10,25 degree of the planar array boresight
axis at 70°F,

4k.7.5 Transponder

The transponder mode is employed during transit and lunar
operations to permit two way doppler shift measurements. In this mode, one of
the transmitters is driven by one of the receivers through the trans-
ponder interconnection circuitry, and the signal transmitted back to earth is
coherent with the received signal at a frequency ratio of 2k0/221. There shall
be tyo transponder interconnection units on the 8/C for reliability considerations.

4,7.5.1 Phase Lock Loop Characteristics

4,7.5.1.) Tracking Range: 170 kc at threshold*

( _ 4.7.5.1.2 Tracking Rate

The phase locked loop shall be able to track a threshold
signal, have a rate of change of frequency up to 1 kc/sec2 lasting over a
duration of one minute (subject to the tracking range limitation given in
4.7.5,1.1 above). i

4.7.5.1.3 Acquisition

' " -, The loop shall be able to acquire under either of the
following conditions:

(a) When a threshold' signal is sweeping through the ////
bandpass at a rate of 1 kc/sec2,

(b) When a non-sweeping threshold? signal is within 500 cps

of the open loop rest frequency of the receiver.

*mnnlm)-cmu : defined ul-l.llo DEM for total signal power (carrier and
arrier) when the subsacview/herriet. sbduismtsn indeir 18 2.6, mnesused in
o predatection equtvalsat wotsd besdwidth of 13 ke. ’
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4.7.5.1.b Loss of Lock

With threshold signal* levels, the S/C transponder shall
not lose lock more than once per 10 minutes,

L.7.5.2 TIransponder Phase Stability Characteristics

While in transponder operation, the phase stability of
the carrier shall have the following characteristics:

During zero thrust phases, the phase jitter of the
unmodulated carrier (excluding antenna effect) shall be such as to cause not
more than 36,0° zero to peak (3¢) phase error in a noise free phase coherent
receiver, having & loop noise bandwidth of 30 eps.

During retro burning and vernier engine thrusting
phases, the phase jitter, as defined above, shall be less than 22.5° zero to
pesk (3¢) in a noise free, phase coherent receiver, having a loop noise band-
width of 425 cps. :

: : During laniing shocks, resulting from landing canditions
specified in 3,11.2, the phase error messured in a noise free, phase coherent
receiver, having & loop noisa bandwidth of 425 gps shall be less than3Q Jegrees
sero to peak. (3¢). .

L,7,6 Signal oasi

The signal processing system shall be capable of con-
verting all engineering and scientific data signala into a form suitadle for
modulation of the spacecraft transmitter in accordance with the data modes
specified in section L,7.7, To maintain flexidility in the inatrument payload,
a8 much processing as possible shall be associated with individual instru.
ments and subsystems., Major functions of the central signal processor associ.
ated with the spacecraft are: anslog to digital conversiom, cemmutating time
and frequency division multiplexing, amplification, weighting, and summation
of signals for phase and frequency modulation of the transmitters. 'The signal
processing syatem shall be compatible with the wide and narrow transmission
bandwidths of the data 1iak system, '

sttt = x w4 .
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4.7.6.1 Data Accuracy

{ The overall 3¢ accuracy of the various types of telemetered

) data including the sensor, the S/C signal processing, the 8/C to ground com-
municetion link when operating at threshold* signal levels, shall be as given
below, These requirements are consistent with the following assumptions for
specification purposes:

a) Noiseless demodulation

b) Zero error readout devices

c) Efforts of bit errors removed by parity checking
d) Use of sensor calibration, if necessary

Required
Bandwidth
* Accuracy (cps)

4.7.6.1,1 High Accuracy, POM Temperature Data: 1°C for tempera- C,1
tures below 100°C

4,7.6,1.2 Besic Accuracy, POM, Temperature Data:2°C (desired) 0.1
4°C (required)
4.7.6.1.3 PM Power Supply Current Data: 1 percent 0.5
4,7.6.1.4 PO Potentiometer Readout Data:
a) ASPP Position Signals 0.9 degree 0.5
( b) Other potentiometer dats 3% 0.5
4.7.6.1,5 Fiight Control Date :
a) Gyro Error (Pitch and Yaw) 5% Deaired
10% Required 3.0
b) Precession Command 5% Desired
. 10% Required 0.5
c) Primary Sun Sensor Error 5% Desired
(Pitch and Yaw) 10% Required 0.4
d) Canopus Error 5% Desired
' 10% Required 0.5
] e) Star Intensity 3% Desired
. 6% Required 0.3
£) Secondary Sun Sensor Center 0.75 degree 0.5

Cell 8ignal Indicating Angle
of §/C - Sun Vector to Sensor

Boresight Axis
8) Acceleration Errer 10% Desired
20% Required 5.0
i ) ) . L] ’
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o)

Retrc Accelerometer

Roll Actuator

Radar Altimeter Range

Accurac
5% Desired
10% Required

10% Desired
20% Required

Range < 1000 ft  R,5.S5.(5 and ,055R) ft
(

Range > 1000 ft R.S.S,

RADVS, V. and V,

v

36 and ,055R) ft

R,5.5.(1.2 and .ozsvt) fps

RADVS, V) R.5.5.(1 and .oevt) fps

RADY. Amptitude

vernier fngine
Thras' Commands

Vernier ingine
Strain Gage

L,7,0,1.¢ Data Link Data -

a)
b)
c)
a;

Static Phase Error
Receiver AFC
Receiver AGC

and Toanswitted Power

4,7.6,1,7 Altitude Marking Redar Dats

s)

®)
e)

AMR Magnetron Current

AMR AGC, after AGC is effective

AMR Late Gate Signal, indicate
return sigral power before
AB; is effective

8.7,6.3,8 Fregquenqy Nodulatico Ansiog Dase

é db

5% Desired
10% Required

5% Desired
10% Required

10%

10% Desired
24

2 & )

5€ Desired
108 Required

& &b Desired
2 4b Desired

’a Desired
Required

Required
Bandwidth

{cps)

5.0
5.0
0.k

0.4

0.5

1.0

5.0

0.5
0.5
0.5
0.5

0.5
1.0
e.0

.
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4.7.6.2 Bit Error Probability

The recovered PCM data at minimum margin threshold SKR of
11 db (RMS/RMS) shall have a bit error probability of no greater than 3 x 10-3.
This gives a word error probability of approximately 1 in 30. During Coast
Phase II, a word error rate of no greater than 1 in 6 shall be allowed. This
reduction in word error rate implies that the threshold SNR is less than 11 db
during this phase,.

4.7.7  Bendvidth Requirements
4.7.7.1  TIrsnsit Phase
Given in the table below are the information bandwidths

or data rates required under the various conditions of the transit phase to
telemeter the necessary engineering data. .

Equip. Mode Bandwidth
Xmtr Mnse Bit Rate | Info.
Phase Data Mode Pover | Ant (xm (vps) (%e)
Coast 1 Channel - PCM lov | Ommi [k0O6,700 17-3/16 | -
Midcourse 1 Channel - PCM Righ | omni |230,000 1400 -
Terminal 1 Channel - PCM Bigh | omns 406,700 | 1100 -
descent - :
retro and .
vernier * ’
Terminal 1.Channel - PCM Righ | Array 406,700 220
descent - plus multi-analog :
retro channels.
" remr
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L.7.7.2 Lunar Phrase

Given in the table below are the information bandwidthe
or data rates required under the various phases of lunar operation to telemeter

the necesgsary :z:2lentifi - ard engineering data.

Equipment Mode Bandwidth
YMTR Bit Rate Infor- .
Phase Data Mode | Power | Antenna (ops) mation IF
Normal TV Single Hisn Array 220 Kepe 3.3 me
’ channel -
. ™
Dmergency TV Single High Omni 1.2 Keps | 10.5 ke
cranrel -| Low Array 1.2 Keps | 10.5 ke
M
Low Data Rate -| Single Low Oomni 17-3/16 NRZ
kngineering crannci -~ Low Array | 1100 NRZ
LR Hige Omni 550 NRZ
High Array | LLOO NRZ
Single Low Array | =--
channel ~| High Omni .-
M High Array | 4LOC NRZ
Low Data Rate-|] Multiple
Scientifie Channel -
. Low Arra
(sc-5, 6, T) PM/BM: v :
Engineering NRZ
Commutator 250
Alpha
Scattering . 2200  NRZ
Alpha Count .
Proter Count 550 NRZ
I .,_ L
4,7.8 Command Channel Reguirements
4,7.8.1 Bit Error Probebility

The sgacecraft recovered commend data at threshold shall
have a bit error probaebility of no greater than 2 x 10", This gives a
command reject probability of 1 reject/ZOOO commands or approximately 1 reject

every 30 minutes during a TV survey.
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4.8 Mechanisms

For purposes of establishing the required mechanism
positioning ranges it shall be assumed that the landing evelope will be no less
than 15 degrees from the limb and the mAximum lunar slope of 15 degrees shall
be long relative to the spacecraft height.

4.8.1 Planar Array

Orientation of the planar array with respect to the S/C
coordination system is determined by. three variable angles: (1) rolil, (°)
elevation, and (3) polar (see Figure 4.2), Roll, elevation, and polar angles
may be changed by radio command.

4.8.1.1 Positioning Range by Radio Command

L.8.1.1.1 Roll Angle

Zero reference position for the roll angle shall be
that position where the elevation axis is parallel to the spacecraft x (pitch
axis) sra the active face of the planar array is facing along the minus x (pitzh)
axis. The planar array shall rotate%190°.about the zero roll position.
Positive roll is as defired in Figure 4-4. There shall be provided the
capabllity to control the position of the planar array to withinfdegree cf
any commanded position.

4,8.1.1.2 Elevation Angle

Zero reference position for the elevation angle shall
be that position in which the polar axis 1s perpendicular to the roll axis.
The planar array shall rotate about the elevation axis £90° from the zero
reference position. Positive elevation angle is as defined in Figure UL-&.

4.8.1.1.3 Polar Angle

Zero reference position for the polar angle shall be
that position in which the planar array's boresight plane is perpendicular to
the xy plane. The planar array 8lhall rotate from +96 degrees to +6 degrees from
the zero reference point. (See 4,7.4.2.1 for definition of planar array bore-
sight plane.) Positive polar angle is as defined in Figure 4-L.

e

w————t ‘ -“- '
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4.8,1.2 Axes Alignment

All adjoining axes shall be perpendicular to each other
within 20,50 degree(2),

4,8,1,2 Positioning Accuracy

4,8.1.3.1 Positioning Meckanism

The positioning mechanisms in roll and elevatior axes
shall be capable of moving,in nominal steps of no less than 1/8 degree and no
more than 1/4 degree. The positioning mechanism in polar axis shall be
capable of moving in nominal steps of no less than 1/16 degree and no more
than 1/u degree, There shall be provided the capability to control the
position of the planar array to within 1/4 degree of any commanded position,

Fram the start of the pre-retro maneuver’ through
vernier descent, when not commended to rotate, the planar arrey shall not
rotate by more than 1 degree sbout the spacecraft Y axis (ASPP polar axis) nor
more than O.4 degree about the spacecraft Z axis (ASPP roll axis) as a result
of gear and drive backlash and all other causes,

L,8,1.3.2 Pogition Instrumentation

Instrumentation shall be capable of indicating the
angular rotation about each axis with respect to the zero referance point
(4.8.1,1) within 1,5 degree(2),

4,8,1.3,3 Adjustment Range, Landing
The planar array shall be positioned, in incremente

of 0,25 degree or less, such that the polar axis lending angle is within the
range of zero to +70.5 degrees relative to the zero position (see 4.8.1.1.1). This

e : D e
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is equivalent to a range of "planer array antenna axis 'to' S/C z axis
angles between N degrees and 26 degrees. The shift in -ombined center
of graviiy produced by positioning the planar array within this range
shall be as defined in paragraph 4.1.3.3.1.5.

4.,8.1.3.4 Roll Axis Alignment

The planar array actuating mcchan%sm roll axis
shall be parallel to the S/C z (roll) axis within 1.0 degree., The
mechanism slevation axis shall be parallel to the S/C x (pitch) axis
within l.OZl) degree when the roll axis is in the transit lock position,.
Additional allowances for the effect of shock are defined in paragraphs
4L.8,1.3.5 and 4,5.2,3.5. When the roll and elevation axes are locked
in transit position, the planar array boresight plane (see 4.7.4,2,1)
shall be perpendicular to the S/C x (pitch) axis within 1 degree(1§

4.8,1.3.5 landing load Deflections

Following 211 S/C lunar landings resulting in
not more than 40Og lateral loads at_the antenna, the planar array antenns
axis shall be within 20.L degree(?) of 1ts position prior to the landing.
This deflection shall be made up of no more than 0.2 degree(e) spaceframe
deformation and no more than 0.2 degree(2) mast and mechanism deformations.

4.8.1.4  Positioning Rate .

It shall be possible to drive the planar array about
its roll axis at any time during transit except vhen this axis is locked at
¢ rate of 15° per minute. It shall be possidble to drive the planar array
sbout its polar axis at any time during transit &t a rate of 7.5° per
minute. The planar array shall not be rotated abvau: its elevation axis .

during trarsit. o,
At launch, the roll angle may be up to 50 degrees avay ///

from the zero reference position as defined in 4.8.1.1.1.

.8.1.6  ZIrapais Positica

. During transit f£iron at'ter initial positioning wntil
Z:o;rgtialgsnyuvor, all 3 exes shall de in their zero positicns (as defined

3 (-
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4.8.1.7 Lunar Phase Positioning

For SC-2 through SC-4, it shall be possible to position
any of the antenna/solar panel positioner drive motors with a duty factor of
at least 25 percent witl the maximum allowable active period of the cycle of at
least the time determined as a function of temperature from the curves of Fig-
ure b-4-1., For SC-5 through SC-7, it shall be possible to position any of the
antenna/solar panel positioner drive motors with a duty factor of at least 40
percent and with the capability of the active portion of the cyecle to be at
least 15 minutes.

The A/SPP shall he capable of at least 97 percent response to com-
mands over the entire range of movement. This requirement applies to all condi-
tions of S/C power and over the entire range of operating environments.

4.8.1.8 Operating Life

The minimum operating life after launch of each ot the
3 drive axes shall be: :

Required Steps
in each Direction Total

Roll Axis - 16,000 27,000
Polar Axis - 10,000 20,000 -
Elevation Axis - 10,000 20,000
SURVEYOR SYSTEM FUNCTIONAL REQUIREMENTS 224510
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4.8, 3c.]ar. Panel

Orientation of the solar panel with respect to the
planar arra; Is determined b A varieble amgle about the solar panel axis.
This ar,le can be chunged b, radio command or by autometic-deployment-logic
eircuitry aboard the spacecraft. Although positioning accurac; of the solar
panel is not critica:, positioning of the secondary sun sensor mounted on
the sclar panel 1s critical. For this reason, the solar panel plane shall
be defined acs the secondar. sun sensor mounting surface.

LEBL L Pusitioning Range

The solar panel shall be capable of being positioned as
a tunction of polar angle to the solar panel cicles shown in Flgure 4-5. The
sular panel angle is defined as the angle measured from the planar array
bores!. .t plane tc the solar panel plane defined in 4.8.2. Positive solar
pare! ancle is ar defined in Figure 4ok,

4.8, Positioning Axls

A plane perpendicular to the polar axis shall be
perpendicular to tne solar panel axis within 0.5 degree (2),

4.8,2.3 Positioning Accuracy

4L.,8.7,3.1 Pocsitioning Mechanism

The solar panel axis positioning mechanism shall be
. capablc _f moving In nominal steps of no less than 1/8 degree or no more
than*de-gree. There shell be provided a capability to control the position
of the solar panel to within 3/i degree of any commanded position.

4.8.,2.3.¢ Position Instrumentaticn

Instrurentation shall be capable of indicating the
angle of rotation about the 'sclar panel axis within 2.0 degrees (Z).

h080?0303 S("ls Panel Plane

' The solar panel plane shall de parallel to the sclar
pancl axia within£0,50 degree(”).

4,8,2,3.4 Sclar Panel Active Surface

The solar pimJ active surface shall de Mln& to
the solar panel plane within 2.0 degrees(2),

\
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4.8.2.3.5 Landing Load Deflections

Following all S/C lunar landings resulting in not more
than 25g lateral loads at th?qjolar panel, the solar panel plan® shall be
parallel within #0.50 degree‘~/ of its posifi?n prior to the landing. This
deform?t on shall be made up of $0.2 degree‘“’/ spaceframe deformation and 0.3
degree 2) mast and mechanism deformation with respect to the roll axis.

L.8.2.4 Positioning Rate and Life

4.8.2.4,1 Transit Positioning Rate — During the transit phase, it
shall be possible to drive tne sovlar panel about the solar axis at a rate of
15 degrees per minute with a 100 jercent response to commands.

L. 8.2.4.,2 Tunar Positioning Rate — See Paragraph 4.8,1.7.

L.&8,2.4.3 vperating Life — The minimum operating life, after lsunch,
ol the solar panel axis dirive shali be 16,000 steps in each direction or a total

of 32,000 steps.

L.8.2,5 Transit Position

During transit from after initial positioning until pre-
retro maneuver, the nominal solar panel angle (as defined by paragraph 4.,8.2.1)
shall be 270 £ 1.0 degrees.

4.8.2.6 Solar Panel Mounts

In providing for the solar panel mount, the total mecha-
nism (exclyding the mast mounting and the spaceframe) shall contribute less than
1.0 degree\l) %o the secondary sun sensor aligoment error during transit (sec

" §.1.3.15).

L.8.2.7 